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CHEMICAL STUDIES OP 8 -  SUBSTITUTED PTHBlDllfES»
1 An aoooim t i s  given o f th e  methods which a re  a t  p resen t av a ila b le
f o r  th e  sy n th e s is  o f  8 -  s u b s t i tu te d  p te r id in e s  and th e  c lo se ly  a l l i e d  
9 -  s u b s t i tu te d  iso a llo x a z in e  d eriv a tiv es#  The th e o r ie s  rep o rted  in  
th e  l i t e r a t u r e  r e la t in g  to  th e  b io sy n th es is  o f  r ib o f la v in ,  which may 
be cons idered  to  be a b enzop ter id ine w ith  a s u b s t i tu e n t in  th e  8 — 
p o s i t io n  o f th e  p te r id in e  m o ie ty , a re  reviewed#
The ohem ioal f e a s i b i l i t y  o f th e  b io sy n th e tic  ro u te s  to  r ib o f la v in ,  
whioh have been suggested in  th e  l i t e r a t u r e ,  i s  in v estig a ted #  I t  i s  
found th a t  6 ,7  -  dim ethyl -  8 -  D -  r ib ity llu m a z in e  (”0 -  compound”) ,  
f whioh i s  an in te rm ed ia te  in  th e  b io sy n th es is  o f  th e  v itam in , oan be
re a d i ly  converted ohem ioally in to  7#8 -  dihydro -  2 ,6  -  dihydroxy -  6 -  
methyl -  7 •  oxo -  8 -  D -  r ib i ty lp te r id in e  ( ”V -  compound”) ,  whioh i s  
a known by -p roduc t in  the  b io sy n th e tic  process# Th is conversion i s  
shown to  occu r by o x id a tio n  o r ,  in  an in e r t  atmosphere, by displacem ent 
o f  the  d ia c e ty l re s id u e  o f the  lumazine d e r iv a tiv e  by pyruvate# The 
hyd ra tion  in  a lk a l in e  so lu t io n  o f 8 -  su b s t i tu te d  ”quinono id” p te r id in e s ,  
such as ”0 — compound” , i s  described  and the s i ^ i f io a n o e  o f th i s  in  
r e la t io n  to  th e  b io sy n th e tic  pathway le ad in g  to  r ib o f la v in  and to  the  
b io lo g ic a l conversion o f ”0 -  compound” in to  ”V -  compound” , i s  discussed#
A new sy n th e s is  o f r ib o f la v in  from ”Q -  compound” i s  rep o rted , the  
J s a l ie n t  f e a tu re  be ing i t s  s im p lic ity#  Thus, when th e  lumazine i s  refluxed
in  a b u ffe r  so lu tio n  o f  pH 7*3# in  the  absence o f  any enzyme o r  o th e r 
source o f carbon , r ib o f la v in  i s  produced in  good y ie ld#  Th is re ac tio n
2/ . ,
- 2 -
i s  app lied  su o ce ssfu lly  to  th e  sy n th e s is  o f o th e r iso a llo x a z in e s  
Eüid to  iso a llo x a z in e  2 -  im ines and a p o ss ib le  meohanism fo r  th e  re a c t io n  
é i s  suggested .
A ttempts to  sy n th es ise  p te r id in e  8 -  g lycos ides analogous to  the
pu rine n u cleo s id e s  are  descr ibed , the  two main approaches to  t h i s
problem be ing (a) d ir e c t  e ilkyla tion o f p te r id in es  and (b) sy n th e s is  
from iff 5 * d i amino pyrim idine p recu rso rs . Model re a c t io n s  w ith  3 — 
amino if -  a lk y l amino pyrim idines are  rep o rted  in  whioh 8 -  a lk y l -  
p te r id in e s  are  re a d i ly  formed by th e  well-known ”Isay  R eaction” . I t  
i s  found, however, th a t  when th e  oorrespond ing 3 “  amino -  if -  g^ucosylamine 
pyrim idine i s  reac ted  w ith  d i carbonyl compounds such as d i a c e ty l o r  g lyozal, 
L su rp r is in g ly  only the  in te rm ed ia te  S c h if f* s base , which cannot be cy o lised
to  th e  expected p te r id in e  8 -  g luco s ide , i s  formed. T h is i s  in  co n tra s t 
to  th e  re a c tio n  o f the  pyrim idine g lucos ide w ith  e th y l pyruva te  o r  w ith  
e th y l ^ y o z y la te  hem iaoetal which re a d i ly  g ives the  ap p ro p r ia te  7 -  oxo -  
p te r id in e  8 -  g luco s ide .
O ther a ttem pts to  sy n th es ise  these  e lu s iv e  g lyco s ides a re  described  
in  d e ta i l .
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O B J E C T I V E S ,
Theoretloal considerations re la t in g  to  the b iosynthesis 
o f r ib o flav in  have been exm ined and the  f e a s ib i l i ty  o f the 
chemical processes involved has been studied.
In te re s t in  8 » sub stitu ted  p te r id in es has been aroused 
due to th e i r  s tru c tu ra l s im ila r ity  to  the b io lo g ica lly  inqportant 
purine nucleosides . Syntheses o f 8 -  sub s titu ted  p te r id in es  
and th e i r  chemical behaviour have been described in  add ition to 
attempted preparations of p te r id in e  -  8 -  glyoosideso
s U MM A R Y.
An sooount i e  given o f  th e  mothoda whioh a re  a t  prooont 
a v a i la b le  fo r  th e  sy n th ee ie  o f  8 == s u b s t i tu te d  p to r id in e o  and 
th e  olOQoly a l l i e d  9 a u b a titu to d  iso a l.lo x az in e  d e r iv a t iv e s -  The 
th e o r ie s  re p o rte d  in  th e  l i t e r a t u r e  r e la t in g  to  th e  b io ey n th o e is  o f  
r ib o f la v in ,  which may be cons ide red  to  be a b en so p to r id in e  w ith  a 
B ubo tituent in  th e  8 p o s i t io n  o f th e  p te r id in e  m o ie ty , a re  roviewod.
The chem ical f e a s i b i l i t y  o f  th e  b io ay n th o tio  ro u te s  to  r ib o flav in g  
which have boon suggested  in  th e  l i t e r a t u r e ,  i s  in v e s t ig a te d .  I t  i s  
found th a t  6 ,7  =- dim ethyl -  8 == D = r ib i ty llu m a a in e  (**0 « oompound”) ,  
which ie  an in te rm ed ia te  in  the  b iooynthoa io  o f  th e  vitam inp can bo 
r e a d i ly  converted  chem ioally in to  7*8 = d ihydro « 2 ,6  ® dihyd rosy « 6 « 
m ethyl •= 7 ^  oxo « 8 « D -  r ib i ty lp to r id in e  (**V « compound” ) ,  whioh io  
a known by « produc t in  th e  b io sy n th e t ic  proceoe- T h is convorsion io  
shown to  occu r by o x id a tio n  o r , in  an in e r t  atm osphere, by diaplaoem ent 
o f  th e  d ia c e ty l  re s id u e  o f th e  lum azine d e r iv a t iv e  by py ruva te - The 
h y d ra tio n  in  a lk a l in e  so lu t io n  o f  8 « s u b s t i tu te d  "quinonc id" p to r id in o a ,  
such as '*G «> compound” , i s  d escr ib ed  and th e  s ig n if io a n o o  o f  t h i s  in  
r e la t io n  to  tho  b io sy n th e t ic  pathway lo ad in g  to  r ib o f la v in  and to  th e  
b io lo g ic a l  convers ion o f ”0 -  compound” in to  ”V -  compound” , i s  
d iscussed* A new synthoo ia  o f  r ib o f la v in  from ”0 «  compound” i s  
re p o rte d , th e  s a l i e n t  fe a tu re  be ing  i t s  s im p lic ity *  Thus, when th e  
lum azine i s  re f lu x e d  in  a b u ffe r  so lu t io n  o f pH 7®3, in  th e  absonco o f 
any enzyme o r  o th e r  sou rce o f  carbon , r ib o f la v in  io  produced in  good
y io ldo  Th ie r e a c t io n  io  ap p lied  oucooecfully  to  th o  sy n th e s is  o f 
o th e r  iooallozazlnoQ  and to  isO G ll02tasino 2 -  iiaineo and tx p o ss ib le  
mechanion fo r  tho re a c t io n  io  GUggeotod*
A ttem pts to  gyntheo ioo p te r id in e -8 -g ly o o o id eo  analogous to  tho  
p u r in a  n u o leo a id es  a re  deocribod, tho  two main approaohoo to  th io  
problem be ing (a) d i r e c t  a lk y la t io n  o f  p to r id in o o  (b) eynthoa io  
from 2f,5 diam inopyriiaidino prooureors* Model ro a o tio n e  w ith  3 ~ 
amino «> 4 -  a lk y l am inopyrim i d in es  a re  rep o rted  in  whioh 8 ~ a lk y l « 
p te r id in e s  a re  r e a d i ly  formed by th e  well-known R eaction" . I t
i s  found , however, th a t  when th e  correspond ing 5 “  emino -  4 •  
g lucoaylam inopyriiaid ine i s  re a c te d  w ith  d ioarbonyl compounds euoh as 
d ia o o ty l o r  g ly o x a l, s u rp r is in g ly  only th e  in te rm ed ia te  S o h i f f 's  baeo , 
whioh oannot bo c y o l ise d  to  th e  expected  p te r id in e  -  8 -  g lu co s id e , 
i e  formedo T h is i s  in  c o n tra s t to  th e  re a c tio n  o f  tho  pyrim id ine 
g luco s ido  w ith  e th y l pyruva te  o r  w ith  e th y l g lyoxy la to  hem iaoe tal 
which re a d i ly  g iv e s  th e  ap p ro p r ia te  7 -  ozo = p te r id in e  -  6 -  gluoosido*
O ther a ttem p ts  to  sy n th e s ise  th o se  e lu s iv e  g ly co s id e s  a re  d esc r ib ed  
in  d e t a i l .
C O N T E N T S .
HISTORICAL.
In tro d u c t io n .................................................................................... ..............  1
sy n th e s is  o f  Iso a llo x a z in e s  and Iso a llo x a z in e  2 -  Im ines . .  4
B io syn thes is o f  R ibo flav in ..............      17
sy n th e s is  o f  8 -  S u b s titu te d  P t e r i d i n e s   ................ 36
PART I .  Chemical A spects o f  th e  B io syn thes is  o f  R ib o flav in .
Theoretical ..........................................................  45
Experimental............................................................................ 68
PART I I .  P te r id in e  8 °» g ly c o s id e s .
T h e o re tic a l ......................................................... 100
Experim ental ........................................................... I I4
APPENDIX.
Figures.......................................................................................... . I 39
T ables o f  U ltr a v io le t  A bsorption S p e c t r a   .......................   I4O
T ables o f  R^ Values        . . . . . . . .  I47
REFERENCES. ...............................................................  I5I
H I S T O H I C A L
IHTRODUCTIQN
I n to ro s t  in  Ô-s u b s t i tu te d  p te r id in e  d e r iv a t iv e s  has been
s tim u la ted  in  re c e n t y e a rs  by th e  r e a l is a t io n  th a t  p te rld ln e -G —
g ly co s id e s  m ig^ t occu r in  Nature» The s t r u o tu r a l  r e la t io n s h ip s
e x is t in g  among th e  n a tu ra l  p te r id in e s ,  th e  p u r in e  n u c leo s id e s ,
and tho  f la v in s ,  exem plified  by s tru o tu re s  ( l )  to  (4 ) ,  have long
1 2sinoo  been no ted  * and r e i t e r a t e d  in  th e  l i t e r a tu r e »  There ie  
a marked s im i la r i ty  in  th e  dlam inopyrim idine p o r tio n  o f  th e se  
m olecules a s  shown on th e  l e f t  hand s id e  o f  th e  d o tte d  lin es»
Tho 8»poQ ition o f  th e  p te r id in e  r in g  corresponds to  th e  
9 -p o fiitio n  in  th e  p u r in es  and in  th e  is o a llo x a z in e s  and i t  would 
th e re fo re  be expected th a t  th e  most p robab le  s u b s t i tu e n t to  be 
found in  n a tu ra l  8 - e u b t i tu te d  p te r id in e s  would be a  sugar such 
a s  riboee»
Although p te r id in e  g ly co s id e s  have never been is o la te d  from 
n a tu ra l  sou rcoe , th e re  i e  a s tro n g  p o s s i b i l i t y  th a t  p te r id in e s  
m igh t be c a r r ie d  through t h e i r  m etabolio  pathways w ith  a sugar 
attaohod» G lycos ides in  th e  pyrim idine and p u r in e  s e r ie s  a re  
known and , as th e se  a re  o f  oons ido rab le  b io lo g ic a l  s ig ^ if io a n o e ,  
i t  would bo in te r e s t in g  to  know i f  p te r id in e  g ly 00s id e s  would a c t  
a s  b io lo g ic a l  a n ta g o n is ts  to  th e se  n u o leo s id es  o r  to  tho  f la v in s .
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Tho oonvoreion o f  p u r in e  o in to  p te r id in e  a hae been c a r r ie d  ou t
% w  r
in  v i t r o  by A lb ert^  and in  v ivo by Z ieglo r-Q under e t  Thus,
an ap p ro p r ia te  transfozm ation  o f pu rine n u o leo s id e s  in to  the  
oorrespond ing p te r id in e  g lycoa idee would p rov ide  a  method o f 
s o lu b i l is in g  th e  e z t r w e ly  in so lu b le  p te r id in e s .
S 6 78 = R ih i ty lp te r id in e s  '   ̂ have been is o la te d  from c u l tu re s  o f  
th e  AscomyootQs, Aohbya go sayp li (now known as  Hematospora go aey p ii, 
bu t th e  form er name w i l l  be used th ro u ^ o u t  t h i s  th e s is  to  avo id  
confuoion) , and Ergaotheoium ash b y ii and th e se  p te r id in e s  a re ,  a t  
l e a s t  in  th e o ry , red u c tio n  p ro d u c ts  o f  p te r id in e -S - r ib o s id e e .
R ib o flav in  (v itam in  B^) (4; R*«CHj), whioh belongs to  th e  w ate r- 
so lu b le  group o f  v itam in s , may be regarded  as  a ban o o p ter id in e  w ith
th e  I k r lb i t y l  s u b s t i tu e n t in  p o s i t io n  8 o f  th e  p te r id in e  m o iety 
o f  th e  m olecule and oan, in  f& ot, be sim ply sy n th e s ised  from an 
r i b i t y l  p te r id in e  ( 2; as deso ribed  in  P a r t I  o f  t h i s
th e s is .  Many organ ism s a re  known to  sy n th e s ise  r ib o f la v in  in
/  ' 8 sm all amounts ( e .g .  P e l t i e r  and Borohera l i s t  no few er than
21*0 flav in»produo ing  sp eo ies) bu t th e re  a re  th re e  whioh sy n th e s ise
i t  and e x c re te  i t  in to  th e  c u l tu re  medium in  very  la rg e  amounts.
These a re  Candida opp.^, E. ash b y ii^^  ̂ and A. gosqyp ii^^» tho
l a s t  two b e in g  th e  most c lo se ly  s tu d ied  o f  th e  f lav in o g en io
o rgan ism s.
The v itam in  p ro p e r t ie s  o f  r ib o f la v in  a re  ap p aren tly  dependent
to  some e x te n t on th e  r ib o so  c o n s t i tu e n t as th e  oompound o b ta in ed
12on s u b s t i tu t in g  arab inooo f o r  ribooe io  much le e s  a c t iv e .
R ib o flav in  ta k e s  p a r t  in  a number o f  d i f f e r e n t  enzyme system s in  
t is s u e s  and forms p a r t  o f  th e  p ro s th e t ic  group which c o n s t i tu te s  th e  
coensyme. There a re  two r ib o f la v in -c o n ta in in g  ooensymes; namely, 
a m ononucleo tide (P.M.N.) whioh i s  a r ib o flav in -y « p h o sp h a te , and 
a d in u c le o t id e  (P.A .D .) which has th e  c o n s t i tu t io n  o f  a  r ib o f la v in -  
aden ine d in u o lo o tid o . R ibo flav in  a c ts  in  enzyme systems by th e  
r e v e r s ib le  accep tance and donation o f two atoms o f  hydrogen , th e  
red u c t io n  be in g  accompli shed by th e  a d d i tio n  o f  hydrogen to  th e  
1— and 10 - p o s i t io n s  to  form d ihyd ro - o r  leu o o - r ib o f la v in  whioh i s  
r e a d i ly  reo x ld io ed  by oxygon.
SYNTHESIS OP ISOALLOXAZINES AND 2°HgHO»»ISOALLOXAZiyBS
The cynthoaes o f  Iso a llo x a s in o a  and th o i r  d o r iv a t iv o s  oan 
boa t be o la o a i f le d  in to  th re e  d ia t in o t  groupa uocord ing to  th e  
s t a r t in g  m a te r ia ls  required} namely, o-phenylene diamine 
d e r iv a t iv e s ,  5-di@ minopyrimidines, and q u in o z a lin e  d e r iv a t iv e s ,  
( l )  P roa o-Phenylene Di amino D er iv a tiv e s .
(a )  The f i r s t  syn theses o f  iso a llo x a z in e s  invo lved  th e  
condensation o f  o=phe%ylene d iam ines w ith  a llo x an  in  a c id  
s o lu t io n  a f t e r  th e  manner o f  Kuhn and Heinemund.^^
Condon s a t  ion  w ith  u n su b s t itu to d  o -phenylene diamine y ie ld s  
a llo x a z in e  (5 ) .  When one o f  th e  n itro g e n  atoms in  th e  diamine 
i s  t e r t i a r y ,  sim ple condensation between th e  u n a u b s ti tu te d  amino 
group and th e  5̂ keto  group in  a llo x an  o ccu rs , bu t when one 
n itro g e n  i s  oooondary, r in g  c lo su re  to  an iso a llo x a z in e  may occu r 
a s  in  tho  condensation o f  l-cgain(x=4 , 3-d im c th y l- l-D - r ib i ty la m in o -  
benaeno (?} H »D -r ib ity l) w ith  a llo x an  to  g ive  r ib o f la v in
HM 0̂ N
O  0
I 4-  I
O ^ N " ^ 0
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( ( ^ )  ( 7 )  ( ? )
17Kuhn and Weyg&nd c a r r ie d  ou t th e  r e a c t io n  in  ao o tio  a c id  
in  th e  prosenoo o f  b o r ic  a c id  whioh inoreaoed  th e  y ie ld  cons ido rab ly .
The main d i f f i c u l t y  in  th e  above method l i e s  in  th e  p re p a ra t io n  
o f  th e  o -phenylene dieenine d e r iv a t iv e e  (7) which a re  o x y g en -lab ile  
and a re  b e s t not is o la te d .  T h e ir  ey n th o s is  has been aoh ioved in  
d iv e rse  ways w ith  v a ry in g  euooess, fo u r  o f  th e  main ro u te s  to  tho  
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( i )  Condensation o f  D -ribosa (9 j H» - ( C H O a ) CĤ OK) w ith  3 ,4 -
18z y lid in o  y ie ld s  th o  r iW e id o  ( l l )  which on c a ta ly t i c  rcduo tion  
and subsequent ooupling w ith  a diazonium s a l t  g ivos th e  azo dye 
(13)0 Tho d e s ire d  diamine ( l4 )  H* -(CHOE) CK^OR) i s  ro a d i ly
o b ta in ed  by ohem ioal o r  o a ta ly t io  réd u c tio n . Tho y ie ld  ( 38^) o f  
r ib o f la v in  i s  very  h i ^  in  comparison w ith  moot o f  th e  o th e r  
a v a i la b le  methods o f  pz*opaz^tion v ia  tho  o»phanyleno diamine 
in te rm ed ia te  and a llo x an .
( i i )  In  t h i s  method th e  saoond n itro g en  fu n c tio n  i s
in tro d u ced  in to  th e  benzene r in g  in  th e  form o f  a  n i t r o  group 
b efo re  condensation w ith  th e  suga r . C a ta ly t ic  red u c tio n  then  
y ie ld s  th e  diam ine (14) whioh condenses w ith  a llo x an  to  g ive 
r ib o f la v in  in  1 6 ^  y ie ld .
( i l l )  o-Hitro®chlorob©nzen©s (15) a re  oondonsed w ith  am ino-
22suga re  and th e  re a c t io n  produc t i e  hydrogenated to  tho  diamine 
( 17)0 T h is method g iv es  s a t is f s o to r y  y ie ld s  when th e  sugar 
co n ta in s  two o r  thre© hydroxyl groups bu t poor y ie ld s  w ith  suga rs 
co n ta in in g  fo u r  o r  f iv e  hydroxyl groupa a s  in  th e  oaoo o f  r ib o f la v in .
( I S)





( i v . )  D= arab inooo , whioh io  lo se  oxpemoivo than  D -ribooe, hao 
been used in  a novel prooeduro by Weygand^^ to  eyntheoloe the  
dimetfayl-’B ^ribitylam inobonsene (2l)« 3,jy=%ylidine io  oondonood 
w ith  D -arab inooe ( l8 )  in  th e  preoenoe o f  a  t r a c e  o f  ao id . The 
r e s u l t in g  D -arab inoolde ( l 9 ) i e  made to  undergo an Amadori 
rearranges ient by h e a t in g  to  73^C« and th e  kotoso  (20) io  
o a t a ly t io a l ly  hydrogenated in  a lk a l in e  s o lu t io n  whence th e  
r i b i t y l  amino compound (21) i s  ob ta ined  in  abou t 13^ y ie ld .  
Coupling o f  t h i s  produc t w ith  a  diazonium s a l t  and subsequent 




I  I 0 \  '
HO
( t s ) ( l 9 )
C- h ^ C c h o h )  X H ^ O H
( 2. 1) (2.0)
8
(b) HsDSQerioh^ used a v a r ia tio n  o f tho abovo methods fo r 
synthoo iaing in te re s t in g  iso& llosasinos w ith su b stitu en ts  in the 
bonsene r in g . For ozamplo, 8->smdn^lumifIavin ( 23) was obtained 




( 2 . 2 - )  (
(0) Two o th e r  methods in  t h i s  group have been developed by 
T is h le r  and h is  oo-w orkers^^’ ^^ who osaployed b a rb i tu r io  ao id  o r  
i t s  d e r iv a t iv e s  in  p laoe  o f  a llo x an .
(1) "Lodenburg S y n th e s is ."  R ibo flav in  i s  formed in  e x c e lle n t 
y ie ld s  from th e  o^phenylene diam ine d e r iv a t iv e  (24; R* D = r ib ity l)  
and 3 ,5  -  d ic h lo ro b a rb i tu r io  ao id  u s in g  p y r id in e  a s  so lv e n t .
However, i f  th e  d ih a lo b a rb i tu r io  ao id  i s  re p la c e d  by a llo x an ,
no r ib o f la v in  i s  formed and th e  b r i l l i a n t  yellow  p ro d u c t, which 
was o r ig in a l ly  t h o u ^ t  to  be th e  **anil” (25; R« D -  r i b i t y l ) ,  
could  not be cy o lised  to  r ib o f la v in  by h e a tin g  w ith  t e r t i a r y  am ines, 
o r  o rg an ic  o r  in o rg an ic  a c id s  in c lu d in g  h y d ro f lu o r ic  ao id . Thus, 
compounds o f  t h i s  type a re  no t in te rm ed ia te s  in  th e  sy n th e s is  o f  
is o a llo x a e in e s  from o -phenylene d iam ines and a llo x a n . On prolonged 
a lk a l in e  h y d ro ly s is  o f  t h i s % n i l ' \  th e  elem ents o f  u re a  a re  l o s t
9
and oycliG a tlon  to  a d ibydro « q u in o sa lln a  d e r iv a t iv e  occurs*
27K ing and C lark  -  Lewis subsequently  d isca rd ed  th e  a n i l  
o truo tur®  (25) in  favou r o f  th e  quinoxalono -  5 “  oarbosyuro ido 
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( i i )  •• T ig h le r  Condensation ”
26e t  alo i s  p a r t ic u la r ly  s u i ta b le  fo r  th e  p re p a ra tio n  o f  r ib o f la v in
28from b a r b i tu r ic  ao id  i t s e l f  and i s  based on th o  Crippa ay n th ea is  
o f  q u in o z a lin e 8 from o » amino » ano compounds and k e tones. In  
t h i s  r e a c t io n , b a rb i tu r ic  ao id  (27) i s  h ea ted  in  a c id  so lu tio n  
w ith  6 -  phenylazo -  5 -  D -  r i b i t y l  -  3 ,4  -  s y l id in e  ( 28; H-D 
-  r i b i t y l )  to  fU m ish  r ib o f la v in  in  10% y ie ld .  The optimum y ie ld s
10
a re  o b ta in ed  w ith  f a c i a l  a o e t io  ao id  o r  w ith  ao o tio  ao id  -  
d iozon , th e  prosenoo o f  m inera l a c id s  no t only  in h ib i t in g  tho  








( d )  Some o f  the  p rocedu res o u tl in e d  abovo have been extended 
by Rcmmerioh e t  29, ^  to  o b ta in  iG O alloxasino -» 2 «> im inea
in  th e  fo llo w in g  wayo.
( i )  The condensation o f  im ino -  b a rb i tu r io  ao id  (29) w ith  
6 -> (p -o carboayphenylaso) •  H -  methyl -  3 ,4  •" x y lid in e  ( 30) 
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( i i ) %r a  m o d if ica tio n  o f  th e  ** Ladenburg Slyntheoio ,. 25
2 -  lum iflav im ino ( j l )  was a lso  producod^^ from 5?5 -  dibromo- 
b a r b i tu r io  a c id  -  2 -  im lne (52) and th e  a p p ro p r ia te  diamine (33)
( i i i )  A novel m o d if ic a tio n  o f  th e  iso a llo x a z in e  ay n th es is  was 
ach ieved  by Hemmerich and h is  c o l la b o r a to r s ^  when they  ob ta in ed  
8 *> n o r -  8 -» amino -» 2 -  lu m if 1 avimine (36) by c a ta ly t i c  
red u c tio n  o f 2 -  n i t r o  -  4 -  methylam ino -  to lu en e  to  th e  
correspond ing  2 -  amino oompound (35) follow ed by condensation 













(2) From 4*5 -  D iam inopyrim idines.
(a) The p re p a ra t io n  o f  a dimer o f  d ia o o ty l (38) by B irch
and Moye^^ le d  to  r a th e r  a un ique sy n th e s is  o f  th e  d im ethyl -
12
banaeno r in g  o f  lu m lflav in  (4O; R»CH^) . T hta wae extended 
by C raasw ell and Wood^^ to  th e  aynthoo ie o f  r ib o f la v in  (4O;
H» D « r i b i t y l )  and tho  correspond ing 9 - ( z  hyd rosyethyl) 
compound (i*0 |  H« CH^CĤ OH) v ia  an in te rm ed ia te  o f  th e  type ( 39)-
(b) C rosowell and W cod^ l a t e r  observed th a t  a  tr im o r io  form o f
d ia o o ty l (42) ,  which d i f f e r s  from th a t  p rev io u s ly  deso ribed  by 
35D ie ls and J o s t , ^  se p a ra te s  from some b o t t l e s  o f  d ia o o ty l whioh 
have been s to re d  fo r  long  p e r io d s  and th a t  an id e n t ic a l  compound 
oan be o b ta in ed  by keep ing d ia o o ty l in  c o n ta c t w ith  an an ion -  
exchange r e s in  (Am borlite CO -  2*00, OH form) f o r  4 to  5 days . 
These au th o rs  showed th a t  in  aqueous so lu t io n  w ith  4»3 "*diamino 
pyrim id ine d e r iv a t iv e s ,  t h i s  tr im e r  behaves l i k e  a m ix tu re o f 
d i a c e ty l emd th e  a ld o l (3 8 ) . Thus, i t  condensed re a d i ly  w ith  
5 -  amino -  4 -  D -  r i b i t y l  amino -  u r a c i l  ( 37} H" D -  r i b i t y l )  
a t  room tem peratu re  to  g ive a  m ix tu re o f  6 , 7 -  dim ethyl -  8 -  
D -  r ib i ty llu m a z ln e  (4I} R * D -  r i b i t y l )  and th e  p te r id in e  
( 39} E « D ~ r i b i t y l ) .  Treatm ent o f t h i s  m ix tu re  w ith  0, 1H -  
sodium hyd rox ide o r  w ith  ao id  o f  pH 1 to  6 induced c y c lis a t io n  
o f  th e  p te r id in e  ( 39} R » D -  r i b i t y l )  to  g ive  r ib o f la v in  (4O;
R ? D - r ib o ty l) which was e a s i ly  sep ara ted  from th e  unchanged 
lum azine d e r iv a t iv e  (i^l; R * D « r i b i t y l ) .
The b iochem ical s ig n if ic a n c e  o f  th e  above r e a c t io n s  i s  
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( 4 - 2 )
Tho 4 -  alkylam lno -  g -  em inopyrim idines whioh a re  req u ired  
aa s t a r t in g  m a te r ia ls  have been ayn thaaised  in  th e  fo llow ing  ways,
( i )  Langley and Walpole^^ have rep o rted  th e  conversion o f  
4 — o h lo ro u ra o il (43l * H) in to  4 -  a lk y lam in o u rac ils  (44)
B » alkylp  B° « H). T h is method has been used to  form g ^ y o ity l •
am inopyrim idines (44$ R ■ g ly o i ty l ,  R° -  H) whioh were converted
14
by n i t r o s a t io n  and red u c tio n  in to  th e  oorrespend ing  $ amino — 
compound» (45; E * (R y o i ty l) .
0  0 0














( i i )  2 -  Amino -  4 -  alkylam inopyrim idineo (47; H° « H) have 
been prepeured^ ; 41* 42 j^poa, o im ila r  p reo u rso re  (46; •  H) bu t
th e  co n d i tio n s  req u ired  a re  more d ra e t io , tem p era tu res  o f  120 to  
140^ be ing  req u ired .
( i i i )  A much more e f f i c i e n t  procedure f o r  th e  sy n th e s is  o f  th e  
4p5 -  diamino d e r iv a t iv e s  o f  u r a c i l  and o f  2 -  amino -  6 «» hydroxy- 
py rim id ine i s  to  f i r s t  in tro d u ce  an e le c tro n  -  w ithdraw ing group 
in to  th e  5 -  p o s i t io n  o f  th e  oh loropyrim id ines (43 and 46; H° « H) 
to  a c t iv a te  th e  ohloro group which then  r e a d i ly  condenses w ith  
alKylam inos under r e la t iv e ly  m ild  o o n d itio n s . Thus, p o te n t ia l  3 -  
amino groups have been prov ided  by a phenylaso g ro u p ^^^^  o r  by a
15
n i t r o  group. 3),41
(o) The uoo o f  4,5  "  d im e thyl -  1,2  -  bonsoquinono dimer fo r  
th e  ay n thea ia  o f  benao j^gj p to r id in o e^^  made p o ss ib le  ano ther 
approach to  ia o a llo z a s ln e  d e r iv a t iv e a  and Im i i f la v in  2 -  imine 
(5O5 R " E" = CH )̂ vraa ob ta ined  from an ap p ro p r ia te  m ethyl- 
am inopyrim idine (47; B « CH ĵ E° » HH )̂ and th e  d im eric  quinono . 
L a te r ,  C resow ell, N ell eon and Wood^^, and B avoll and Evan8̂ ^ 
extended t h i s  procedu re to  p rov ide  a  new g en e ra l method fo r  th e  
ayn thos ia  o f  r ib o f la v in  and o th e r  ieo a llo zaz in eao
( 3) From Q uinosalino D eriva tive® .
2 -  Imino -  iB O alloxazinos (50) have a lso  been o b ta in ed  by 
Wood a t  a lo^^ from m ethyl -  4 -  a lk y l -  3, 4 * dihydro «* 3 « 
oxoquinoxalino « 2 -  o a rb o ay la to s (48; R* D -  r i b i t y l ,  = CH ;̂ 
E " CHy R° " H) and guanidineo In te rm ed ia te  compounds formed 
in  t h i s  re a c t io n  have been id e n t i f ie d  as oc tahydrog lyoxaline — 4 
sp iro  -  2® -  qu inoxa linea (49)»
A > t O O C ^ ^ N
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( 5 o )
T h is new ro u te  to  iso a llo x a s in o  d e r iv a t iv e s  i e  based on a
I Sp te r id in e  eyn thes io  rep o rted  by th e  same sohool«^ The 
is o la t io n  in  good y ie ld  o f  th e  p roduc ts  (5 0 ) , however, proved 
d i f f i c u l t  due to  t h e i r  f a c i l e  deg radation in  p a r t i c u la r  by 
a l k a l i ,  th e  9 -  a lk y l s u b s t i tu e n t  be ing r e a d i ly  o leaved.
17
BIOSYHTHESIS OP RIBOFLAVIH.
Although i t  has been known fo r  many yeora  th a t  r ib o f la v in
50i a  a nozmal c o n s t i tu e n t o f  a l l  l iv in g  o rg an ism s^  and th a t  i t  
a c ts  as an e le c tro n  c a r r i e r  in  m e t a b o l i s m , i t  i s  only in  the  
l a s t  deoade o r  so th a t  a  d e ta i le d  study has been made o f  th e  
b io g en es is  o f  th e  v itam in . Our knowledgo concern ing  th e  
mechanism o f  b io sy n th e s is  o f  r ib o f la v in  i s  by no means com plete 
bu t th e  combined r e s u l t s  o b ta in ed  from ( i )  n u t r i t i o n a l  s tu d ie s ,
( i i )  iso to p e  experim ents , ( i i i )  th e  is o la t io n  and c h a ra c te r ­
is a t io n  o f  m etabo lic  in te rm ed ia te s , and ( iv )  chem ical s tu d ie s  
in  v i t r o  o f  th e  re a c t io n s  involved , have p rov ided  a co n s id e rab le  
amount o f  info rm ation  abou t th e  o v e ra ll n a tu re  o f  th e  b io g y n th e tio  
p roooss .
In  an a ttem p t to  c l a r i f y  th e  e x is t in g  info rm ation  on th e  
ro le s  p layed  by th e  d iv e rse  p recu rso r  compounds, a b r i e f  survey 
i s  g iven below»
(a) Role o f  Amino Acids and Simple O rganic Compounds»
S im ila r i ty  in  th e  la b e l l in g  p a tte z n  in  analogous p o r t io n s  
o f  p u r in e  and f la v in  m olecules was dem onstrated when c e l l s  o f  
A» goasyp ii and E» gehby ii were grown w ith  -  fo rm ate ,
-  carbon d io x id e , -  g ly c in e  and g ly c in e  -  ^ ^ »
Experim ents o f  t h i s  type have a lso  been o a r r ie d  ou t on p te r id in e s
54by Weygand and Waldoohmidt who rep o rted  in c o rp o ra tio n  o f  ra d io -
18
a c t iv e  form ate and g ly c in e  in to  le u c o p to r in  by th e  b u t te r f ly  
P ie r io  b ra a c io a e » and by o th e ro  who d escr ib ed  th e  d is t r ib u t io n  
o f  la b e l in  c e r ta in  r ib i ty lp ta r id in e s  (so© (c) below )•
The in c o rp o ra tio n  o f  v a r io u s  la b e lle d  eubo tanoes in to  









R ib o f ia u i tv .
=  H.ÇOOH
Tbua, I t  l a  obaervod th a t  In the  oase o f  r ib o f la v in ,  C_ i s
derived  from fo im io ac id , C, from oarbon d io x id e , and C. and
4 4a 9a
from th e  m ethylene and carboxyl oarbon atoms o f  g ly c in e  re sp e o tiv o ly , 
th e  g ly c in e  n itro g en  atom be ing  in co rp o ra ted  in to  p o s i t io n  9 o r  10. 
These r e s u l t s  f in d  suppo rt in  th e  work o f  Buchanan ^  on the
in c o rp o ra tio n  o f  th e  same la b e l le d  compounds in to  u r i c  a c id . (See
19
above). Purthom iorop Klunge^yr^^ deîaonotr a te d  th e  
in c o rp o ra tio n  o f  la b e lle d  format© in to  p o s i t io n  2 o f  r ib o f la v in  
and Goodwin showed th a t  s e r in e  s tim u la ted  f la v in o g e n o s is ,^ ^ ’ ^^ 
b e in g  transform ed  in to  form ate and g lyc ine b efo re  i t s  
in c o rp o râ t ion .
(b) Role o f  P u rin es as P re cu rso rs  o f  R ings B and C.
S trong s tim u la tio n  o f  r ib o f la v in  form ation by th e  a d d i tio n
o f  p u r in es  to  th e  growth medium has been no ted  w ith  f lav in o g en io
o rgan iem s.^^ Among th e  f i r s t  in v e s t ig a t io n s  on th e
b io sy n th e s is  o f  r ib o f la v in  were th e  n u t r i t i o n a l  s tu d io s  o f  
60MacLaren.
O bserv ing th e  s t r u c tu r a l  s im i l a r i t i e s  among th e  p u r in o s , 
d iam inopyrim idines and r ib o f la v in ,  he supplem ented th e  c u l tu re  
medium o f  E. aah b y ii w ith  v a r io u s  pu rine and pyrim id ine bases 
in  o rd e r to  study t h e i r  e f f e c t s  on f la v in o g e n e s is . The r e s u l t s  
c le a r ly  showed th a t  a d e f in i t e  in c rease  in  r ib o f la v in  p roduc tion  
was o b ta in ed , w ithou t in flu e n c in g  growth, on th e  ad d i tio n  o f  
x an th in e , aden ine , guanine and u r i c  ac id ; p y r im id ines such as 
u r a c i l ,  on th e  o th e r  hand, in h ib i te d  f la v in o g e n e s is .  I t  has a lso  
been observed^^*^^ th a t  — o ro t ic  ac id  ie  n o t in co rp o ra ted  in to  
r ib o f la v in .
D e f in ite  ev idence fo r  a  p re c u rso r  — produc t r e la t io n s h ip
between p u r in e s  and f la v in s  was produced by th e  iso to p e  experim ents 
62 64o f  MdSfutt * who found th a t  th e  oarbon atoms from un ifo rm ly
20
-  la b e l le d  aden ine were in co rp o ra ted  in to  th e  pyrim idine 
m o iety o f  th e  io o o llo x aa in e , bu t th e re  waa l i t t l e  in c o rp o ra tio n  
from aden ine -  8 -  T h is im pliea th a t  th e  p o r tio n  o f  th e
p u r in e  r in g  gyetera ex c lu s iv e  o f  oarbon 8 i s  u t i l i s e d  d i r e c t ly  fo r  
r in g s  B end C w ithou t fu r th e r  deg rada tion . R ecently Sm ith e t  al»^^ 
euggested th a t  th e  Cg which i s  lo s t  from aden ine can bo r e -  
in c o rp o ra te d  a t  o f  r ib o f la v in  v ia  the  form ate poo l. McHutt 
fu r th e r  dem onstrated , by deg rada tion  o f  the  r ib o f la v in  produced by 
B. aeh b y il in  th e  presence o f  un ifo im ly  «= la b e l le d  aden ine , 
th a t  th e  n itro g e n  atoms o f  th e  p u r in e  were a lso  t r a n s fe r r e d  in ta c t  
to  th e  v itam in . In  a d d i t io n ,  8 « asap u r in es in h i b i t  f la v in o g e n es is
as  rep o rted  by Brown e t  a l .  ’ Th is i s  to  bo expected from th e
above d isc u ss io n .
Brown e ^  e s ta b l is h e d  th a t  th e  pu r in s  p re c u rso rs  o f
r ib o f la v in  f a l l  in to  th e  fo llow ing  o rd er o f  d ec re as in g  e f fe c t iv e n e s s :
guan ine , x an th in e , aden ine , hypoxanth ine and u r i c  ac id . The g re a te r  
e f fe c t iv e n e s s  o f  guanine compared w ith  xan th ine and th e  f a c t  th a t  
most o f  th e  p te r id in e s  is o la te d  from n a tu ra l  sou rces have a 2 -  amino 
group, r a is e d  th e  p o s s i b i l i t y  th a t  2 -  imino r ib o f la v in  may be th e  
immediate p re c u rso r  o f  r ib o f la v in .  However, i t  has been dem onstrated
th a t  2 -  im in o r ib o flav in  n e i th e r  prometee nor in h i b i t s  flav ino=
4 68  g en es is .
(o) Role o f  8 -  S u b s ti tu te d  P te r id in e s .
I t  has been r e a l is e d  in  rece n t y ea rs  th a t  c e r ta in  8 -  
s u b s t i tu te d  p te r id in e s  p lay  an im po rtant p a r t  in  th e  p roduc tion
21
o f  r ib o f la v in  in  m icroorgan iem s.
( l )  I s o la t io n  and S yn theala .
A s ig n i f io a n t  advanco !7as made by Maouda and h ie  c o lla b o ra to rs  
when they  is o la te d  a  now m etabo lic  in te rm o d ia te , which they
re fe r re d  to  ae '* 0 -  compound, '* due to  i t s  green fluo reeoenoe .
71from th e  myoelium o f  So a s h b y i i . I t  was u l t im a te ly  id e n t i f ie d  
a s  6p7 -  dim e thyl -  8 D •» r ib ity llu m a z in o  (52; R ■ D « r i b i t y l )  















The same compound was subsequently  is o la te d  from c u l tu re s  o f  
Ao goseyp li by Malay and P lau t*^  who no ted  f u r th e r  th a t  du r in g  
growth o f  th e  organism in  th e  presence o f  -  la b e l le d  glyoinsp 
th e  s p e c i f ic  r a d io a c t iv i ty  o f  th e  lumazine d e r iv a t iv e  was h i ^ o r  
them th a t  o f  th e  v itam in in  th e  e a rly  o tages o f  in cu b a tio n . Th is
22
auggosted th e  p o s s i b i l i t y  o f  a  p rocu reo r r e la t io n s h ip .
Bssidoo r ib o f la v in  and " Q « oozapound,” Masuda is o la te d
72cona ide rab lo  amounts o f  P.A.D . and an o th er compound which 
a s h ib i ts d  a v io le t  fluoreecono© ( " V -  compound q .v . ( i i i )  
bolow). Th ie compound was subsaquently  shown to  bo ano ther 8 
D «> r ib i ty lp to r id in © ,  namely, 7 -  hydroxy -  6 -  m ethyl -  8 -  I) « 
r ib i ty llu ff la s in e .  (53? R ■ B «> r i b i t y l ) .
C ons ide ra tion  o f  th e  r e s u l t s  o f  th e  oxperim snta w ith  la b e l le d  
p u r in e s  (d o scr ib ed  in  (b) e a r l i e r ) ,  le a d s  to  th e  conclus ion  th a t  
th e  p y raz in e  r in g  (R ing B) o f  r ib o f la v in  i s  formed by e l im in a tio n  
o f  th e  oarbon atom in  p o s i t io n  8 o f  th e  p u r in e , y ie ld in g  a d iam ine- 
py rim id ine d e r iv a t iv e . The lumasino d e r iv a t iv e s  (52 and 53) R “
D -  r i b i t y l )  could  f e a s ib ly  be formed by condeneaticm  o f  th e  
d iam inopyrim idino (51$ R « B -  r i b i t y l )  w ith  a  1 ,2  -  d icarbonyl 
compound, such as d ia c e ty l o r  ao e to in , and p y ru v ic  a c id  re s p e c t iv e ly , 
th e  l a t t e r  compounds be ing formed from a c e ta te .
Such re a c t io n s  were f i r s t  p o s tu la te d  by Masudaf^ The 
p te r id in e s  (52 and 53$ H ® B -  r i b i t y l )  have been sy n th e s ised  in  
t h i s  way in  v i t r o  by se v e ra l in v o 8 tig a to rs^^ '3 9 # 4 1 # 7 1 ,73974* 
th e re  i s  no t y e t  ary  d i r e c t  experim ental ev idence fo r  th e  form ation 
o f  th e  h y p o th e tic a l diam inopyrim idino (51$ R -• B -  r i b i t y l )  in  th e  
c u l tu re s  o f  tticroorgan ism o .
67Brown ^  te s te d  th e  e f f e c t  o f  4 ,5  d iem inou rao il
( 513 H « H) on f la v in  p roduc tion  u s in g  S . ashbyi i  bu t they  f a i l e d
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to  f in d  s tim u la tio n  o f  r ib o f la v in  form ation . Eowcver,
Goodwin and T reb le  rep o rte d  th a t  th e  a d d i tio n  o f  ^ y o z a l  
to  grow ing o u l tu ro s  o f  B. a a h ly i i  la d  to  fo rm ation o f  lum asino , 
in d ic a t in g  th o  proeonoe o f  4 ,5  -  d iem inou rac il ( 5I 1 R * H) in  
th e  modium. I t  should perhaps bo omphasicod a t  t h i s  s ta g s  th a t  
in a c t i v i ty  o f  d iam inopyrim idinos doea not ozcludo th e  p o s s i b i l i t y  
th a t  s u b s t i tu te d  am inopyrim idines a re  tho a c tu a l in to rm e d ia te s .
I t  may w ell bo th a t  th e  r i b i t y l  amino d e r iv a t iv e  (5I? R * D 
r i b i t y l )  i s  th e  interm od ist®  involved .
Masuda®s th e c iy  i s  suppo rted  hy K iehi e t  and by
*7-I '7'T
K a ta g ir i  o t who showed th a t  the  form ation o f " 0 ->
Compound ** (52; R = D = r i b i t y l )  from th e  pyrim id ine (5I? R « D -
r i b i t y l )  and a c e to in  req u ired  tho  presence o f  an e x tra c t  from
c e r ta in  m ioroorganieme. The en^m e p re p a ra t io n  appears to  e f f e c t
78th e  o x id a tio n  o f  a c e to in  to  d ia c e ty l .  The l a t t e r  condenses
re a d i ly  w ith  th e  d iam inopyrim idino doriva tiv©  and t h i s  re a c t io n  
i s  noz^enzymioc
I t  i s  perhaps no t s u ip r is in g  th a t  th o  re q u ire d  in te rm ed ia te  
( 5I ;  R " D = r i b i t y l )  has not been dem onstrated in  organ ism s se  i t  
r e a d i ly  sslf-oondeneos^^  to  g ive tho  pyrim idop to rid ino  (54; R = B= 
r i b i t y l ) .  However, th e  answer i s  more complex them th i s  would 
suggest as  t h i s  s e lf» condensâtion produc t has not been is o la te d  
from c u l tu re s  o f  th e  organ ism s in  q u es tio n  and Goodwin and Troblo^^ 
recovered  lum azine and n o t 8 -  D -  r ib ity llu z a a s in o  upon a d d i tio n  













( i i )  M e tabolic S tu d ies  o f  6 ,7  -  Dimethyl -  8 -= D « r i b i t y l  -  
lum agine . ( ’* G «> oompound " ) .
That "G — cosBpound** i s  probably  a p roou roor o f  r ib o f la v in
i e  suggested .by  tho  fo llo w in g  fao to re ; (a) I t s  o im ila r i ty  in
chom ical c o n f ig u râ t ion to  th e  v itam in , (b) Ao goesyp ii
in c o rp o ra te s  r a d io a c t iv i ty  from -  format® in to  analogous
p o s i t io n s  (C^) in  both  c o m p o u n d s , ( c )  ohemioal condensation
o f  th e  lum azine w ith  d ia c e ty l i s  claimed by Masuda^^ to  g ive
78
r ib o f la v in ,  (d) P lau t  showed th a t  r ib o f la v in  i s  produced in  
in cuba tion  m ix tu res co n ta in in g  only ** Q «  oompound,” a b u f fe r  and 
an enzyme. A dd itional ev idence i s  g iven in  th e  T h eo re tic a l S ection 
o f  P a r t I .
Purtho im oro , the  m olar s p e c i f ic  r a d io a c t iv i ty  o f  6 ,7  -
dim ethyl -  8 -  D — r ib i ty llu m a z in e  i s  always g re a te r  than  th a t  o f
th e  v itam in in  th e  e a r ly  p e r io d s  o f  in cu b a tio n , in d ic a t in g
th a t  th e  lum azine d e r iv a t iv e  i s  an in te rm ed ia te  in  r ib o f la v in
b io sy n th e s is  and not l ik e ly  to  a r is e  by d eg rad a tio n  o f  th e  l a t t e r .
77 79 •  82Many experim ents u s in g  a number o f  m icroorganieme have
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confirm ed t h i s  ooncluaion , in c rease d  form ation o f  r ib o f la v in
hav ing bean found on a d d i tio n  o f  ” G -  compound.” Malay and 
8 lP lau t  have a lso  shown th a t  on incuba tion  o f  e z t r a o ts  o f  
Ao goagyp ii w ith  6 ,7  -** dim e thyl -  8 -  D -  r ib i ty llu m a s in o  -  
2 •  th e  m olar s p e o if ic  r a d io a c t iv i ty  o f  r ib o f la v in  formed
i s  o f  th e  some magnitude as  th a t  o f  th e  added lum azine d e r iv a t iv e  
which must th e re fo re  be u t i l i s e d  fo r  th e  p ro d u c tio n  o f th e  v itam in  
and no t m erely f a c i l i t a t e  th e  c a ta ly t i c  convers ion o f  some o th e r  
c o n s t i tu e n t in  th e  e x tra c t  to  th e  f la v in .
L a c to b a c i llu s  o a se i , which re q u ire s  r ib o f la v in  fo r  growth, 
cannot convert ” G « oompound ” in to  r ib o f lsv in ,^ ® ® ^ ’ ^^ w hile 
m icroorgan ism s which can grow in  media w ithou t added r ib o f la v in  
do p ossess t h i s  convers ion a c t iv i ty .  T h is i s  c o n s is te n t w ith  th e  
view th a t  ”G -  oompound ” i s  an in te rm ed ia te  in  th e  b io ey n th ea is  
o f  th e  v itam in . On th e  o th e r  hand, K a ta g ir i  observed
th a t  b ee f l i v e r  e x t r a c ts  a re  a lso  capable o f  e f f e c t in g  t h i s  
tran sfo rm atio n  end t h i s  o b se rv a tio n  has found a measure o f
Oi
suppo rt from th e  work o f Kuwada ^  who found convers ion
a c t iv i ty  w ith  e x tra c ts  o f  bov ine l i v e r  bu t no t when th e  same 
techn ique wao ap p lied  to  th e  l i v e r  o f  r a t s  o r  r a b b i t s .
6  ̂ 82K orte and h is  c o lla b o ra to rs  q u es tio n ed  th e  v a l id i ty
o f  th e  ro u te  to  th e  f la v in  v ia  ” G -  compound ” . They re p o rte d  
th a t  th e  la b e l le d  lumazine is o la te d  from a b a tch  o f  E. a sh b y ii  
which had been in o c u la ted  w ith  guanine -  5 -  oould no t be
converted  in to  r ib o f la v in  when in o c u la ted  in to  y e t  ano th er ba tch
26
o f  So a sh b y i i . Howovor, th o ra  a ra  doub ts a s  to  what
oonolusione con ba di'awn from th e se  r e s u l t s  a s  m s ^  cases  a re
known in  which an added compound has not been u t i l i s e d  by @n
in ta c t  c e l l  bu t has n o v o rth c le ss  been proved to  be an into rm od ia to
8*So f  a m etabo lic  pathway w ith in  th e  c e l l .  ^
( i i i )  7q8 ”  Bihydro  2#6 -  dihydrosy 6 m ethyl -  7 oxo *>
8 -, p «, r ib i ty lp to r id in ® .  ( ” V = oompound ** )
f>pgaao«»aa«MB— i—j»i m-Tii ■■ f î  i iojirg» *
T h is in to ro s t in g  compound was ic o la to d  from c u l tu re s  o f
6 S6 7 87 A8Bo a a h b y iip ’ A. jgosoypii ’ and C lostrid ium  ao e to b u ty lio u a  ,
and was g iven th e  t r i v i a l  name ” V oompound ” ly  Maauda^ duo to
i t s  v io le t  fluo reocenoo in  so lu t io n .  A f te r  oozqq u n c e r ta in ty
th e re  i s  now genera l agreement on i t s  o tru c tu p o . (53$ R » D «
•' V •” oompound " has been ehosia^^’ to  bo r e la te d
m o tab o lic a lly  to  ” G -  compound " end r ib o f la v in  by u s in g  o u l tu re s  
o f  Bo ashbyi i  and A@ g o o sy p ii. Bx toasivo t r a n s f e r  o f  ra d io -  
a c t i v i t y  was observed from -  la b e l le d  aden ine and guan ine 
in to  th e  pyrim id ine p o r tio n  o f  th e  m olecules and from •» form ate 
in to  oarbon 2 .
89Uasuda suggested  th a t  ” V -  compound ” wao formed by
re a c t io n  o f  pyruva te  w ith  5 -  amino « 4 •" B r ib i ty la a in o u r a o i l
7 87
a s  in  i t s  chem ical o y n th o s is^  and to  suppo rt t h i s  meohonism 
91re p o rte d  th a t  th e  a d d i tio n  o f  la rg e  q u a n t i t i e s  o f  pyruva te  to  
o u ltu ro a  o f  B. a sh b y ii enhanced tho form ation o f  •» V -  oompound ”
27
end reduced th e  q u s n tl ty  o f  r ib o f la v in  prcducod- Masuda 
in te rp r s to d  th i e  ae a oosBpotiolon o f pyruva te  and ao o to ia  f o r  
a v a i le b lo  5 amino •  4 « B r i b i t y l s^saincuracil, incr8&G@d 
emcunt® o f  pyruva te  le a d in g  to  th o  produc tion  o f  moro o f  th e  
7 •" o so p ta rid is io  end io e s  ” 0 -  compound ” , end hence le s s  
rihofl& viao  However, an a l te r n a t iv e  ex p lan a tio n  i e  th a t  -  
compound ” (535 R * B « r i b i t y l )  io  fo rced  by d lop lacoaon t o f 
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There i e  a leo  s tro n g  to  suggest th a t  t h i s
tran sfo rm a tio n  may be an o z id a tiv o  one gad t h i s  i s  d iocussod in  
g re a te r  d e ta i l  in  tho  T h eo re tic a l Soot ion o f  P a r t  X*
I t  i s  g e n e ra lly  tha .t ” V -* oompound ” i s
an endhproduot o f  m etabolism and i s  no t an in te rm ed ia te  i a  
f la v in o g e n e s is .
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( iv )  The Form ation o f  th e  o -  Rinfe o f  R ib o flav in .
Th® o -  sylen® r in g  (R ing a) o f  r ib o f la v in  p ré se n ts  r a th e r  
B novel problem o f  arom atio  b iooyn thee io .
Goodwin and Pendlingtoa"'^ showed th a t  f la v in  p roduc tion
was s tim u la ted  by th reo n in e  in  E. a sh b y ii and they  exp la ined
t h i s  by p o s tu la t in g  th a t  th e  o -  sy lsn e  m o ie ty o f  r ib o f la v in  was
formed by condensation o f  2 m olecules o f  th re o n in e . Th is
92h y p o th es is  was l a t e r  shown by th e  same school to  be u n tenab le  
a s  th e  la b e l  from un ifo rm ly -  la b e l le d  th reo n in o  was f ix ed  
only in to  p o s i t io n s  4n and 9a o f  r ib o f la v in ,  i . e .  in to  th e  oarbon 
atoms known to  bo co n tr ib u ted  by g ly o in e .^  In  th i s  oase , g lyo ine 
i s  probably formed from th re o n in e  by way o f  th e  enzyme th reo n in e  
aldo lases
 > CH,CHO + CHgCHHg). COOI.CH CHOH. C H C H H g). COOH
B irch  and Moya^ suggest th a t  th e  d im e thylbenzene r in g  i s  
formed by head to  head and head to  t a i l  l in k a g e s  o f  fo u r  m oleoules 
o f  a c o tio  a c id , p robably am d ia c e ty l  o r  ao e to in  d er iv ed  from fo u r  
m oleoules o f  pyruvic ac id .
 1 -
J u A .a \ r \ t  ft-tvd .
C H j C H O —  I
/tceV a\A «K yd^ ^
i \ d c e V ^ \
L h o H
j t t e V o i v i
2 9
T h is ouggoetion has been suppo rted  by tho  iso to p e
93experim ents o f  P la u t .   ̂ Purthermorop r a d io a o t iv i ty  from 
14ao e to in  1 -  C when added to  E. a sh b y ii was in o o rp o ra ted
e x c lu s iv e ly  in to  Ring A o f  r ib o f la v in ,^ ^  one h a l f  o f  th e  
r a d io a c t iv i ty  be ing  in  th e  methyl groups, nono in  carbons 6 
and 7, and th e  rem a inder preevsnably in  oarbons 5 and 8 by 
analogy w ith  p rev io u s  experim ents^^ w ith  a c e ta te  and
g luco se  -  The la b e l le d  aoe to in  was in c o rp o ra te d  more
e f f ic ie n t ly ^ ^  in to  Ring A than  a c e ta te  2 -
The o r ig in  o f  th e  atoms form ing th e  o -  xylene p o r tio n  
o f  r ib o f la v in  th u s  seems to  be e s ta b l is h e d  bu t th e re  has been 
some co n tro v ersy  over th e  manner in  which th e se  p recu rso rs  o f 
R ing A p re se n t them selves to  th e  d iam inopyrim idine (55$ R * D -  
r i b i t y l ) .
An in te r e s t in g  h y p o th es is  came from B irch  and Moye^* who 
suggested  th a t  Ring A could a r is e  from two m olecules o f  d ia c e ty l  
by a ld o l condensâtio n . In  f a c t  they were ab le  to  sy n th e s ise  an 
a ld e l- ty p e  dimer o f d ia c e ty l  ($6 ) which they  condensed w ith  th e  
d iam inopyrim idine (55f ^  "  Mo) to  g ive lu m lfla v in  (58; R •  Mo). 
L a te r ,  C rasew ell and Wood ^ condensed th e  d im e rio  d ia c e ty l  o f  
B irch  and Moyo and a lso  a new tr im e r io  form o f  d ia c e ty l  (60) w ith  
th e  base (55$ R » D -  r i b i t y l )  y ie ld in g  r ib o f la v in  (58; R " D « 
r i b i t y l )  in  each case v ia  th e  in te rm ed ia te  (57$ R « D «  r i b i t y l ) .
0
HN  10 N 
H





wx —  co
1 ^0 /
C-M&




Mfi-.CO ^ £ H , - t - 0X i X






H N 'Nj-We- CO
I  ̂ c  *  M&,
0 - ^ N  V I
I OH
% -i^ .1 x ^ M e .
i .
R. 




f s  9 )
Heauâa p o s tu la te d  av idanca th a t  " 0 “  coBpouad " eould  be 
ohoDslo&Xly co n v ertQd. in to  r ib o f la v in  inppasonoo o f  aooto in o r  
d ia o e ty l and ho suggoeted th a t  t h i s  ro ao tio n  oooura 'b io log ica lly*  
Macsuda concluded from h io  r e s u l t s  th a t  d ia c e ty l  m olecules add
31
Buooaoeively to  th e  base (55î H * D *= r i b i t y l )  to  g ive 
r ib o f la v in  ( 58$ 8 = D -  r i b i t y l ) ,  v ia  th e  in to rm ed ia to  
** 0 -  oompound ” ( 59j H » D — r ib i ty l ) »  However, Biroh and
Moyo^^ could d e te c t no lum l f la v in  (585 E " Mo) when 6 ,7 ,8  -  
tr im e thy llum azine  ($9# H « Me) was t r e a te d  w ith  d ia c e ty l .  
Purthesm ore , d ia c e ty l  doeo no t appear to  f u l f i l  tho  b io lo g ic a l
69 80r o le  proposed by Uasuda s in c e  K a ta g ir i  e t  found th a t
th e  tran sfo rm atio n  o f  tho  r ib ity llu m a a in e  in to  r ib o f la v in  wae 
no t s tim u la ted  by d ia c e ty l  u s in g  C lostrid ium  goetobu tylloum  
and E sch e r ich ia  o o li  neapolitanue»
Perhaps th e  most im po rtan t s tep  tow ards e lu c id a t in g  th e  
o r ig in  o f  th e  (x-zylene r in g  o f  r ib o f la v in  was prov ided  by
70
P la u t '  who re p o rted  th a t  in cu b a tio n  m ix tu res co n ta in in g  only 
6 ,7  -  dim e thyl -> 8 « D -  r ib ity llu m a z in e  (59? 8 -  D = r i b i t y l ) ,  
a s u i ta b le  b u f fe r  and an enzyme were re q u ire d  to  o b ta in  form ation 
o f  r ib o f la v in .  S tim u la tion  o f  a c t iv i ty  was n o t observed on th e  
a d d i tio n  o f  v a r io u s  sub stances in c lu d in g  a o e to in , d ia c e ty l ,  
py ruva te  and a c e ta te ,  and r a d io a c t iv i ty  from a c e ta te  -  o r  
g lucose -  was no t in o o rp o ra ted  in to  th e  v itam in . The 
inq;>lioation o f  th e se  r e s u l t s  can only be th a t  " G -  compound '* 
su p p lie s  no t only  th e  r i b i t y l  p te r id in e  p o r t io n  o f  r ib o f la v in  bu t 
a lso  th e  rem a in ing fo u r  oarbon atoms to  com plete th e  o -  xylene 
r in g .  T h is i s  suppo rted  by th e  ohem ioal s tu d ie s  d e ta i le d  in  P a r t I  
o f  t h i s  th e s is .
32
I f  tho  r ib i ty llu m a z in e  ($9; 8 » D = r i b i t y l )  condenses w ith  
fo u r  oarbon atome from an oxtraneoue oouroe, one soolocule o f  th e  
lum azine d e r iv a t iv e  would be consumed fo r  each molooule o f  f la v in  
formed in  th e  re a c t io n ;  on th e  o th e r  hand , i f  th e  lum azine a c ts  
a s  bo th  ac cep to r and donor o f  th e  fo u r  oarbon atoms, then  two 
m olecules o f  th e  p te r id in e  (595 8 •» S ~ r i b i t y l )  a re  req u ired  
to  bo onzym ioally converted  in to  one m olecule o f  r ib o f la v in
70
( 58; R -  D r i b i t y l )  and th e  iso to p e  experim ents o f  P lau t 
in d ic a te  th a t  th e  l a t t e r  i s  th e  case .
0   ̂ o
0
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Thus, 6 ,7  « dim ethyl «» « 8 ~ D -  r ib i ty l lu m a z in e  was
enzym ioally ocnverted  in to  r ib o f la v in  and chem ical deg rada tion  
o f  th e  l a t t e r  by ohromio ao id  o x id a tio n  to  a o e t io  a c id  r e s u l te d  
in  a r a t i o  o f  r e l a t i v e  m olar sp e o if io  r a d i o a c t i v i t i e s  f o r  
** 0 compound " ,  r ib o f la v in  and a c e t ic  a c id  o f  l i 2 .2 s 0 .33  
which i s  in  good agreement w ith  th e  expected v a lu e s  shown above,
R i r th e r  p ro o f o f  t h i s  mechanism would come w ith  th e  
i s o l a t i o n  and id e n t i f ic a t io n  o f  a produc t r e s u l t in g  from th e
33
removal o f a 4 -  oarbon u n i t  from th e  lum azine d e r iv a t iv e  
( 595 8 " D « r i b i t y l )  bu t ouoh a  compound has n o t y e t  been 
d e te c te d  in  th e  re a c t io n  m ix tu ree .
The aooumulated evidenoo in d ic a te s  th a t  r ib o f la v in
b io ey n th es io  s t a r t s  from th e  pyrim id ine , r a th e r  than  tho
benzono id, end o f  th e  molecule» Tho only reaeo n ab le  a l te z n a t iv o
ro u te  to  r ib o f la v in ,  th a t  from 2 « amino « lé-,5 -  dim ethyl « l  « D -
r ib i ty la m in o  »  benzene ( 6I ;  8 "  D -  r i b i t y l ) , i e  ru le d  ou t owing
59to  th e  non -e t im ula tozy o ffo o t o f  th i e  oompound and a preoureor-» 
p roduc t r e la t io n s h ip  oould n o t bo shown u s in g  o th e r  compounds 
r e la te d  to  th e  arom atio  r in g  p o rtio n  o f  r ib o f la v in  in  th e  medium 
o f  aaoosnyoet eg* I n  a d d i tio n ,  i t  has been dem onstrated
15th a t  la b e l  from g ly c in e  H i s  recovered  in  th e  py raz ine and no t
97th e  pyrim id ine r in g  o f th e  f la v in  w ith  c u l tu r e s  o f A ogoeeyp iig 
from un ifo rm ly  la b e l le d  p u r in e  i s  t r a n s f e r r e d  a s  a u n i t  to  th e  
v itam in  by c e l l s  o f  B. a sh b y ii , and *• 0 -  oompound ** i s  probably  
an in term ed ia te»
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( d) Moohaniaa o f  Formation o f  tho  R ib i ty l S ide Chain .
Thu0 fi&r, n o th in g  has been sa id  o f  th e  o r ig in  o f  th e  
r i b i t y l  group a t  p o s i t io n  9 o f  th e  r ib o f la v in  mol seule»
P lau t  and BrobergP^ showed th a t  oarbon atoms 1 ,2  and 6 o f 
gluooeo a re  a l l  in o o rp o ra ted  in to  th e  r i b i t y l  s id e  chain bu t th e  
la b e l l in g  p a t te r n  i s  such a s  to  p reclude any sim ple ex p lan atio n  
o f  meohaniBDo
90
McHutt and F o rre s t u s in g  un ifo rm ly la b e l le d  guano s in e
observed th a t  p u r in e  r ib o s id e s  a re  no t su p e r io r  to  th e  f re e
baseSf th e  d iam inopyrim idine m o ie ty , bu t n o t th e  r ib o g y l group,
b eing  in o o rp o ra ted  in to  r ib o f la v in  in  th e  mould E» a sh b y ii.
99However, Weygand^ s h y p o th es is  f o r  th e  tran sfo rm a tio n  o f  p u r in es  
in to  p te r id in e s  suggests  th a t  th e  pyrim id ine g lyoos ide  (62; H -  
HHg ) ,  d e r iv ed  from a p u r in e  nuoleoaide , oould undergo an Amadorl 
rearrangem ent to  th e  k o tose  (635 H « NHg). S tereo  sp e o if io  
red u c tio n  o f  th e  carbonyl group o f  th e  l a t t e r  oould g ive a 
D « r i b i t y l  s id e  chain as found in  r ib o f la v in .
K eilson  and Wood^^ in  f a c t  sy n th e s ised  1 -  ( 2 * ,6 * =» 
dibydrozy -  5 ® -> n i t r o  « 4 ® •=■ pyrim idinylam ino) — 1 « deozy -  D -  
e ry th ro p en tu lo ee  (631 8  HO ;̂ X « Y ■ OH) by condensing 4  — ohloro 
-  5 n i t r o u r a o i l  (64) w ith  1 -  amino -  1 «  deozy -  D -  e ry th ro -  













f t  5 ) ( 6 4 - )
NH^, <: H;j. C 0. (C HO H )j .̂ CHj-OH 
( 6 6 ')
py rim id ine ( 63? H -  50^j X « Y
S te reo e p eo if lo  red u c tio n  o f  th e  oarbonyl group o f  th e
follow ed ty  red u c tio n  o f  th e
n i t r o  group and oondeneation w ith  the  dimer o f  3^4 » d im ethyl ==
o -  bensoquinono gave r ib o f la v in .  T h is meohaniam fo r  th e  form ation
o f  th e  r i b i t y l  group ooeme a  fe a e ib le  one e s p e c ia l ly  s in ce  Weygand^ a 
99ro u te  to  p te r id in e s  from p u r in es  v ia  an Amadorl rearrangem ent 
i s  g en e ra lly  accep ted .
The f a c t  th a t  "0 -  compound'* co n ta in s a  r i b i t y l  s id e  chain on 
th e  Ng atom shoes th a t  th e  in tro d u c t io n  o f  th e  r i b i t y l  group in to  
th e  r ib o f la v in  m olecule o ccu rs  b efo re  th e  a y n th e s is  o f  th e  o 
xy lene r in g  and p o ss ib ly  p r io r  to  th e  sy n th e s is  o f  th e  p y ras in e  
r in g .  Thus, **0 -> oompound** oould be formed from th e  pyrim id ine (63; 
R = HHgi X « Y -o h ) by s te re o s p e o i f io  red u c tio n  o f  th e  Carbonyl 
group, fo llow ed by condensation w ith  d ia c e ty l .
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SYMHESIS OP 8 -  SUBSTITUTED PTEBIDIHESo
The methods which have hoen employed f o r  th e  oyntheeac 
o f  8 "= s u b s t i tu te d  p te r id in e s  belong to  one o f  th e  fo llo w in g  
ca tego ries*  ( i )  sy n th o s io  from d ism inopyrim idinoc , ( i i )  
oyn thos ie  from py raz ine d e r iv a t iv e s ,  o r  ( i i i )  d i r e c t  
a lk y la t io n  o f  p te r id in e s .
1 . Prom D iam inopyrim idines.
^  f a r  th e  most common o f  th e  th re e  p rocedu res i s  th e  
re a c t io n  o f  d iam inopyrim idines w ith  d i carbonyl compounds, 
condensation ta k in g  p lace  re a d i ly  in  the  m a jo r i ty  o f  oases .
A few ty p ic a l  r e a c t io n s  have been chosen to  i l l u s t r a t e  
t h e i r  use in  th e  sy n th e s is  o f  8 -  s u b s t i tu te d  p te r id in e s  and 
th e  l i s t  g iven here  i s  by no means ex h au s tiv e .
Some sim ple 8 ■» a lk y l p te r id in e s  have been p repared  by 
methods in v o lv in g  th e  condensation o f a s u i ta b le  4 -  s u b s t i tu te d  -
amino -  3 -  aminopyidmidine w ith  a 1 ,2  «  d ik e to n e . For example,
F id lo r  and Wood^^^ sy n th e s ise d  the  p te r id in e  (67 ; R •  R° " Me;
X « OH; Z ■ RH) by re a c t io n  o f  th e  pyrim id ine (66 ; R *» He; X -  OH;
T « RHg) w ith  d ia c e ty l .  Mention has been made, in  a p rev io u s
se c t io n ,  o f  th e  sy n th e s is  o f  8 « D -  r i b i t y l  p te r id in e s  by a 
o im ila r  p rocedu re  from th e  pyrim idine (66 ; X * Y •  OH; R » D -» 
r i b i t y l ) .
49 102An in te r e s t in g  s id e  r e a c t io n  was re p o r te d  by Wood e t  
whereby attem pted  syn theses o f  some 8 «  m o th y lp te r id in es  o f  th e
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typo (67 ; B Mo; « H), in v o lv in g  tho  roao ticn i o f  tho  
ap p ro p r ia te  p y ricd d in o s w ith  g ly o sa l , le d  to  th o  form ation o f  
h i  hyd ropu riny 1 s  (7 0 ) , which wore produced pro^sm ahly by
ro ao tio n  o f  1 m olecule o f  g lyoxal w ith  2  m olecules o f  th e  
pyrim idinoo





7 •=* 0X0 8 «> s u b s t i tu te d  p to r id in e o  have been p repared  by
condensation  o f  th e  d iam inopyrim idino d e r iv a t iv e  (66) w ith
o x a l io  ao id  , e th y l o x a la to , e th y l p y ru v a te ; 103
^ y o s y la to  heasiaostal,^^* '^^^^ o r  e th y l oxozaalonat© .^^’
Tho l a s t  m entioned reag en t g iveo , o f  co u rse , 8 « o u b s ti tu to d  
p te r id in e  « 6 -• ca rb o ay lio  a c id s  (68 ; H° = COOH) which oon bo 
deoorbosy la tod  by h e a t in g  a t  3)0 « 2^)^ , 42,105 ^  trea tm en t
w ith  sodium amalgam. However, whon theco  p to r id in o  «= 6 -
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ca rb o x y llo  a c id s  ore t r e a te d  w ith  sodium bo robydrido , a 5,*8 •*
d ih y d ro p to r id in o  (69) r e s u l t s ,  hydrogen b a id ia g  ta k in g  p lace
between th e  7 = hydroxyl group and th e  carbonyl oxygen atom o f
th e  6 -  oarboxyl group.
I t  i s  n o ta b le  th a t  th e  6 ,7  -  d io x o p te r id in e s  (7 1 ) ,
o b ta in ed  by r e a c t in g  py rim id ines o f  th e  typo (66) w ith  e th y l
o x a la te  and sodium e th o z id e , can be converted  in to  th e
correspond ing  7 ,8  -  d ih y d ro p to r id in es  (72) by red u c tio n  w ith  
2
sodium amalgam and honoo i s  eq u iv a len t to  th e  red u c tio n  o f
an amide group. T h is type o f  re a c t io n  must depend on th e
d e p le tio n  o f  e le c tro n s  ftom tho  carbonyl group undergo ing th e
re a c t io n  ( i . e .  a t  p o s i t io n  7 ) ,  duo to  th e  p rox im ity  o f  th e  6
carbonyl group, s in ce  oxygen i s  not removed by sodium amalgam
from 7 =- hyd roxyptorid ino^^^ nor from 7 -  oxo- p te r id in e  « 6 «=>
2
ca rb o x y lic  a c id s .
N ^ O
X H
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An a l te r n a t iv e  method o f  o b ta in in g  7 -  ozo -  p te r id in e  -  6 
carboxyl i c  a c id s  (68 ; COOH) has boon d isco v ered  by T e^ lo r
and L o u z ^  who condensed th e  d iam inopyrim idino (73;R " A lkyl) 
w ith  a llo z a n  in  a lk a l in e  s o lu t io n .  An in te r e s t in g  f e a tu re  o f  
t h i s  re a c t io n  i s  th a t  i t  appears to  fo llow  d i f f e r e n t  ro u te s
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doponding on th e  o rd e r  o f  th e  ad d itio n  o f  th e  a llo z a n  and 
a lk a l i»  h u t th e  f in a l  p roduc t (75l S « a lk y l)  i s  always tho  
same. Thus» i f  th e  a lk a l i  i s  added in  s u f f i c ie n t  q u a n t i ty  to  
make th e  s o lu t io n  o f  th e  dlam inopyrim idine approx im a tely  0*5 N 
w ith  re s p e c t to  sodium hydroxide» and then  t r e a te d  w ith  allozcm» 
th e  p roduc t (75? R ** a lk y l)  i s  formed v ia  a ap iro  in te rm ed ia te  
(74$ H -  a lk y l)*  However» i f  th e  a llo x an  i s  added d i r e c t ly  to  
th e  red u c t io n  m ix tu re co n ta in in g  th e  diam inopyrim idine» a  deep 
v io le t  co lo u r  due to  th e  a n i l  (76$ H » a lk y l)  appears which 
th en  fad es on a d d i tio n  o f  a lk a l i*  Therefore» in  th e  l a t t e r  oaae 
th e  p roduc t ( 75$ S = a lk y l)  i s  ob ta ined  by a lk a l in e  d eg rada tion  
o f  a 9 -  s u b s t i tu te d  p y rlm id o p te r id in e  ( 77$ R « a lk y l )* Methods 
f o r  th e  red u c t io n  o f  th e  lactam  grouping in  tho  7 -  oxo p te r id in e  
-  6 — ca rb o x y lio  a c id s  ( 75? R * a lk y l)  were in v e s t ig a te d  by 
T ay lo r and Loux and t h i s  was f in a l ly  ach ieved  under Clemmensen 
cond itions»  red u c tio n  by l ith iu m  aluminium hyd ride  being 
in a p p l ic a b le  due to  s o lu b i l i ty  d i f f i c u l t i e s *
I t  i s  perhaps p e r t in e n t  a t  t h i s  p o in t to  m ention th a t  Kuhn 
« 107
and S tro b e lo  ob ta in ed  ia o a llo x a s in e  -  9 — g ly co s id es  by 
t r e a t in g  th e  o x y l id ln e  g ly co s id e  a c e ta te  (79) w ith  a llo x an  
fo llow ed by d e a o o ty la tio n  to  g ive th e  f la v in  g ly co s id e  (80) which 
was rem arkably la b ile »  b e in g  hydrolysed even by co ld  d i lu t e  
a c e t i c  a c id  o r  0*1 K sodium hydrox ide and i t  was very much more 
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5 = Amlno « 4 «=> s u b s t i tu te d  sm inopyrim idinos have a lso  been 
condensed w ith  <̂6 -  hydrosyketonoo , such as  benao in ,^^ 
to  form 8 » s u b s t i tu te d  p te r id in e s  and w ith  ha lo  compounds, f o r  
ezample ch lo ro ao e ty l c h lo r id e ,^  y ie ld in g  6 « ozo «, 8 -  
s u b s t i tu te d  p te r id in e s*
41
Prom Pyraa ino D er iv a t iv e s .
Another approach to  tho  ayntheo ia  o f  8 s u b s t i tu te d  
p to r id in o o  was prov ided  by Didk, P id le r  and Wood^^ whoso 
s t a r t in g  m a te r ia l  was a  py ras in o  d e r iv a t iv e  r a th e r  th an  a 
d iam inopyrim idine . The sy n th e s is  was ach ieved  by fu s io n  o f  
1 ,2  -=> dihyd ro  -  3 «> mothoxy -  carbonyl -> 1 «= methyl -  2 •=> ozo -  
5 ,6  ~ d ipheny lpyras ino  (81) w ith  guan id ine carbonate  to  g ive th e  
8 -  m e th y lp te r id in e  (82) in  93?  ̂ y ie ld .
0
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3* D lroot A lk y la tio n  o f  P te r ld ln e a
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Simple amino -  and hydro%y -  p te r id in e s  a re  u su a lly
a lk y la te d  on a n u c lea r  n itro g e n  atom o f  th e  r in g  which b ea rs
109 109th e  s u b s t i tu e n ts .  Thus, 4 -  amino - ,  4 m ethyl amino - ,
4 -  amino -  2 -  bydrozy —, 2 -  hydrozy and 4 -  hydrozy^ ^̂
— p te r id in e s  a re  a l l  m ethy la ted  only on w ith  excep tion  o f  th e
l a s t  ezample which a lso  g iv e s  an 0 — and N -  methyl d e r iv a t iv e .
Pu rthe im o ro , 6 -  bydrozy - ,  7 bydrozy -  , 2 ,4  == dihydroxy - ,
and 6 ,7  = dibydroxy -  p te r id in e s  g ive re s p e c t iv e ly  5 -  methyl - ,
1118 — methyl -  , 1 ,3  ”  dim ethyl -  , and 3 ,8  -  dim e thyl d e r iv a t iv e s .
On th e  o th e r  hand, t h i s  ru le  i s  aomowhat d is ru p te d  in  th e  case o f
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2 -  andRO <= 4 -  hyd roxyptorid ino  (83; R « H) whioh io  tho 
fundam ontal nuolous o f  most known n a tu ra l  p to rid in o e»  In  
c o n tra s t  to  th e  oxamploa quo ted  above, t h i s  p te r id in o  undergooo 
tran o o n n u la r  m othy lation  y ie ld in g  o zc lu o iv e ly  2 »  amino 4pd «> 
d ihyd ro  -  8 -  methyl « if -  oxop to rid ino  (84 ; H ■ Hoj R® »
The o tru o tu re  o f  th e  l a t t e r  was e lu c id a te d  by (a ) p rep a r in g  
unambiguously a l l  o f  th e  f iv e  p o ss ib le  monomethylated p te r id in e c ,  
m é th y la tio n  on be ing  p recluded  by valency oons ido rationsp  and 
(b) comparing t h e i r  p h y s ic a l p ro p e r t ie s  w ith  th e  produc t 
o b ta in ed  from th e  m éthy la tion  re a c t io n .
O
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t  *82R ocently , Amgior and Curran th e  d iro o t
m éth y la tio n  o f  2 «  sesino «  4  * ly d ro ay p to r id in o  -> 6 «
o a rb o sy lio  oo id r (ÔJj B « COOH) whioh gav© a  v a r ie ty  o f
p ro d u c ts  dopcnd ing on tho  c o n d i tio n s  omployod. M o thylation
o f  t h i s  p te r id in o  in  a c o t io  ao id  =» dimethylformam ido so lu t io n
y ie ld e d  th e  8 m e th y lp to r id in e  -  6 «  o a rh o sy l ic  ao id  (84; H »
Me; = COOH) su p p o rtin g  Brown & Jaoobson^a tra n sa n n u la r
a lk y la t io n .  However, when (83; R ** COOH) was m othylated  in
a lk a l in e  s o lu t io n ,  a  m ix tu re  o f  th e  1 -  m e thyl - ,  3 mothyl - ,
and 3*8 ~ d im e thyl -  d e r iv a t iv e s  ( 83 to  87 ) was obta ined»
112Ang ior and Curriai oonoluded th a t  th e  n e u t r a l  moloculo (83 ;
R » COOH) undergoes p r e f e r e n t i a l  H -  m o thy la tion  in  th o  
p y ra s in e  r in g  a t  p o s i t io n  8 , w hile in  a  b a s ic  s o lu t io n  tho  
r e s u l t in g  n eg a tiv o  charge i s  lo c a te d  p r im a r i ly  in  th e  pyrim id ine 
r in g  80 th a t  m éthy la tion  ooours p r e f e r e n t i a l ly  a t  th e  1 -  and 3 -  
H atoms. Treatm ent o f  th e  3 ** m ethyl d e r iv a t iv e  w ith  m ethyl 
su lp h a te  in  dimethylfozmam ido c o n ta in in g  a  em ail m ount o f  
su lp h u r ic  ao id  r e s u l te d  in  a  alow and inoom plote r e a c t io n  to  
form th o  3»^ -  dim ethyl compound (87) ,  in d ic a t in g  th a t  m othy lation  
i s  in h ib i te d  by ao id  and th a t  i t  i s  a c tu a l ly  th e  n e u t r a l  m olecule 
which io  r e a d i ly  metfaylatod in  th e  8 -  p o s i t io n .
P te r id in o  -  8 -  glyoooidoa.
A ll o f  th e  methods o u t l in e d  in  ( l )  to  ( 3) above could 
th e o ro t io a l ly  bo used aa model re a c t io n s  fo r  th o  sy n th o s is  o f  
p te r id in o  -  8 -  g lycooideo; indeed , xoany o f  them were c a r r ie d  ou t 
w ith  fluoh an aim in  view. Tho 6 ,7  ^  d iozo -  p te r id in o  -
g lu co s id o  ( 68; G « D -  g luoo sy l) o f  Todd o t  and tho
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7 -  ozo -  p te r id in o  -  ^ u o o o id o e  o f  th o  typo (89 ; X » 0* o r  
X o M ; 0 w D -  g luooayi) o f  F o rroo t and Lohsiaann^^^ woro 
eyn theo isod  from th o  a p p ro p r ia te  diesainopyrim id inoo  by th o  la a y  
ro a c t io n .  Howoverj> no p te r id in o  -* 8 -  g lycoeido  s t r i c t l y  •.
on&logouQ to  th e  p u r in e  nuoleooidee has y e t  been syn thos ieedf
none w ith  a  o tru o tu re  s im ila r  to  ( 84; H » g lyoooyl; R* * H), 
f o r  ezanp le , which io  th o  p te r id in o  analogue o f  guano s in e .
jW .  H, 2
M e S ^ N - ^ N - ^ 0I "
(ss) W)
R =  H ;M e  i OH ; C O O H .
F fX oida rer and Lohraann ^  M ported  th e  d i r e c t  
a lk y la t io n  o f  7 -  o zo p te r id in o e  w ith  h a lo su g a re  in  presence o f  
s i l v e r  oarbonatof bu t in s te a d  o f  th e  ezpocted  H -  gglyoosidea 
th ey  o b ta in ed  p te r id in o  7 ** 0 -  glyooeides*
A new method o f  ey n th o o is in g  H -  g iy o o s id ee  o f  u r i c  ao id  
h as r e c e n tly  been aoh ioved by B irk o fe r  e t  u t i l i s i n g
t r i e t h y l s i l y l  d e r iv a t iv e s  o f  tho  p u r in e , which on trea tm en t w ith  
a  halo  suga r in  p resence o f  s i l v e r  p e rc h lo ra te  y ie ld e d  th e  u r i c  
a o id  3 -  g lycos ideso  T h is  teolm ique may p rove to  be a i ^ io a b lo  
to  p te r id in e s  bu t io  n o t d iscu esed  f u r th e r  in  t h i s  th e s is .
PAHP I
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THBORETICAL
The ohom ioal s tu d ie s  o f  Crooewoll and Wood^^ prompted a 
o lo so r  exam ination o f  th e  ch o a ica l re ao tio n o  invo lved  in  th e  
b io c y n th o tio  ro u te  to  r ib o f la v in  (96; R » D — r i b i t y l )  from 
3 -  amino »  4 -  p <=> r ib i ty la m in o u ra c i l  (92; R « D -  r i b i t y l )  
which i s  though t to  be a p re c u rso r  o f  th e  v ita m in . As 
m entioned e a r l i e r ,  th e se  au th o rs  p o s tu la te d  th e  form ation o f  
r ib o f la v in  v i a  a  p te r id in o  in te rm e d ia te  (94 ; R » D -  r i b i t y l )  
which they  sy n th e s ise d  w ith o u t is o la t io n .  Subsequent trea tm en t 
o f  th e  in te rm e d ia te  a t  pH 1 -  6 o r  a t  pH I 3 gave r ib o f la v in .
In  o rd e r  to  study f u r th e r  th e  f e a s i b i l i t y  o f  t h i s  suggested  
b io e y n th e t io  ro u te  to  r ib o f la v in ,  a ttem p ts  were made to  i s o l a t e  
th e  above in te rm e d ia te  so th a t  i t s  e f f e c t  on f lav in o g o n e s is  
oould be examined* The i n i t i a l  problem o f  th e  is o la t io n  o f  
th e  very  l a b i l e  p te r id in o  in te rm ed ia te  was on ly  p a r t i a l l y  so lved . 
T h is  p te r id in o  was sy n th e s ise d  acco rd ing  to  th o  method o f  
C rossw ell and Hood^^ by re a c t io n  o f  th e  d im er o f  d ia o o ty l w ith  
th e  d iam inopyrim idine (911 R -  D -  r i b i t y l ) .  T h is  re a c t io n  
g iv e s  in  a d d i t io n  sm all amounts o f  ano th er p te r id in o  to  whioh 
th e  aforem entioned au th o rs  ass igned  s t r u c tu r e  (95 ; R = D -  r i b i t y l )  
The d e s ire d  p te r id in o  (94 ; R * D -  r i b i t y l )  was se p a ra ted  by 
la rg o  sc a le  paper ohrom atograpty i t s  is o l a t i o n  be in g  p o ss ib le  
only  on paper ohrcmatogram s t r i p s .
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A s t r a in  o f  th o  m ioroorganism Hematospora fioaaypii ( o r
) whioh was k in d ly  su p p lied  by P ro f . B.O. M o rris 
( B.C. So To, Glasgow) proved to  bo too weakly f la v in o g e n ic  f o r  ou r 
purposeso The paper ohromatogran s t r i p s  o f  th e  p te r id in o  
in tezm ed ia to  were th e re fo re  se n t to  Dr. G.W.E. P la u t  ( ih iiv e ra i ty  
o f  Utah) f o r  m io ro b io lo g io a l in v e s t ig a t io n  b u t due to  i t s
extrem e i n s t a b i l i t y  th e  p te r id in o  d id  no t su rv iv e  th e  jo u m ey .
95H eosntly , however, A sai and Kuwada oonfirm ed th e  form ation 
o f  r ib o f la v in  from th e  p te r id in o  (94} B « D -> r i b i t y l )  by th e  
ao tio n  o f  ao id  bu t re p o rte d  th a t  t h i s  p te r id in o  d id  n o t g iv e  
r ib o f la v in  in  v i t r o  by th e  ao tio n  o f  th e  enzyme from th e  
nyoelium  o f  B<, a sh b y i i , w h ile  6 ,7  -  dim e thyl -  8 « D -  r i b i t y l  
-  lum azine (92* H » P -  r i b i t y l )  when t r e a te d  w ith  th e  enzyme 
under th e  same co n d itio n s  d id , in . f a o t ,  p roduce r ib o fla v in *
A ttention was next focussed on the two 8 -  D -  r ib i ty l  -  
p te r id in o  der iv a tiv es  iso la te d  by Masuda^*^^ from cu ltu res  o f 
Eo ashby iif namely, 6,7 -  dimethyl -  8 -  D -  rib ity llum as ine 
( ”0 -  oompound" ) (92; R » P -  r ib i ty l )  and 7 ,8  -  dihydro -
2 ,4  -  dihydrosy -  6 -  methyl «= 7 -  ozo -  8 -  P => r ib i ty l -  
p te r id in o  ( **V -  compound" ) (93l R « P -  r i b i t y l ) ,  with a 
view to  examining th e i r  ro le  in  the b io syn thetic  pathway to  . 
r ib o flav in  from a chemical otandpoint.
The b io lo g ic a l  convers ion o f  "0 -  compound" in to  "V -  oompound" 
has been p rev io u s ly  m entioned in  th e  H io to r io a l S ec tio n . A 
chem ical study  o f  t h i s  convers ion whioh was though t to  be
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deeirablo  lo  now doQoribod*
"G -  oompound** and *'V -  compound" were c^ /ntheaisod from  
5 •  omino -  4  -  D -  r ib ity la m in o u ra o il  (91j H ■■ D -  r i b i t y l )  
hy condonsation w ith  d ia o o ty l and py ruv ic  a c id  ro a p e c tiv o ly .
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I t  wa« th o x i^ t  th a t  i f  th o  "quinonoxd" p to r id in o  (92 ;
R « D -  r i b i t y l )  oould be reduced to  th e  oorreapond ing 
5p6p7p8 « to tra h y d ro p to r id in o  o r  th e  7p8 -  dihyd ro  d e r iv a t iv e  
th o se  m ig^ t th en  undergo a displaooroant re a c t io n  w ith  py ruv ic  
ac id  to  form th e  6 -  m ethyl -  7 -  o z o p te r id in e  (93 ; R = D -  
r i b i t y l ) .  I t  was dec ided  th a t  a  model r e a c t io n  u s in g  th e  
le s s  expensive 8 -  (2® -  hydroxy e th y l)  -  p te r id in o  (92 ; R *» 
CRgCHgOH) would prove v a lu a b le . The 5 -  am inopyrlm idine 
(91 ; R ® CHgCHgOH), o b ta in ed  by hydrogenation o f  th e  5 •  n i t r e  
oompound (90 ; H •  CH^CRgOR), was is o la te d  a s  th e  h y d ro ch lo r id e . 
(The is o l a t i o n  o f  d iam inopyrim idines o f  t h i s  typo as hydro -  
c h lo r id e s  gave p te r id in o  p ro d u c ts  o f  h ig h e r  y i e ld  and p u r i ty ) .  
Subsequent condensation o f  th e  amine h y d ro ch lo r id e  w ith  d ia c e ty l  
in  methanol gave th e  lum azine d e r iv a t iv e  (92; B « CRgCRgOR) »
The 6 -  m ethyl -  7 -  o x o p te r id in e  (93 ; R •  CHgCHgOH) was 
fu rn ish ed  by a s im ila r  condensation o f th e  am ine h y d roch lo r ide  
w ith  p y ruv ic  a c id .
Two m o is , o f  hydrogen wore consumed by th e  quinono id  
p te r id in o  (92 ; R » CHgCHgOH) when hydrogenated over p re -roduced  
p la tinum  o x id e , in d ic a t in g  th e  form ation o f  a t e t ra h y d ro p te r id in e < 
Removal o f  th e  c a ta ly s t  and co n c en tra tio n  o f  th e  so lu t io n  in  
vacuo, however, y ie ld e d  a p roduc t, th e  u l t r a v i o lo t  sp e c tra  
o f  whioh suggested  th a t  i t  was a 7 ,8  -  d ih y d ro p te r id in e  which 
had presum ably been formed by o x id a tio n  o f  th e  te tra h y d ro  -  
p te r id in o  d u r in g  th e  is o la t io n  procedu re .
49
S tru c tu re  (97 ; H = CH^CH^OH; R® = E) was osslgned  to  
th o  p roduc t on tho  b a s is  o f  (a ) i t c  u l t r a v i o l e t  sp e c tra  in  
a c id  and a l k a l i  which were a im lla r  to  th o se  o f  a  known 
7 ,8  -  d ih y d ro p te r id in e  (se e  F ig . 1 ); (b) hyd rogenation when 
1 mol. o f  hydrogen was consumed; (c) ra p id  a e r i a l  o x id a tio n  
on h e a t in g  in  ao id  o r  a lk a l in e  so lu t io n  to  g iv e  tho  o r ig in a l  
lum azine d e r iv a t iv e  (92; R = CHgCHgOH) ; and (d) elem entary 
a n a ly s is .
0  9 — 7
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Treatm ent o f  th e  7 ,8  -  d ih y d ro p te r id in e  (97 ; H * CHgCHgOH;
E® » E) w ith  py ruv ic  a c id  in  w ater o r  in  a c id  s o lu t io n  y ie ld e d  
th e  lum azine (92 ; R « CHgCHgOR) in  a d d i t io n  to  a  m ix tu re  o f  
deccMapoaition p ro d u c ts . Hone o f  th e  6 -  m ethyl 7 -  o zo p te r id in o  
(93 ; R “ CHgCHgOH) could be d e te c ted . When th e  re a c t io n  was
c a r r ie d  ou t in  a lk a l in e  so lu t io n  th e re  was aga in  a  complex
/
m ix tu re  o f  p ro d u c ts  bu t one o f  those  was id e n t i f i e d  by Bf (6 
so lv e n t system s) and u l t r a  v io le t  sp e c tra  a s  th e  6 -  methyl -  
7 — o x o p te r id in e  (93 ; R * CH^CEgOH). I t  w i l l  subsequently  be 
shown th a t  t h i s  i s  p robab ly  formed v ia  tho  quinono id  p te r id in o  
(92 ; R = CHgCHgOn) which a r is e s  ty  o x id a tio n  o f  th e  7 ,8  —
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(ilhydro oompound (se e  above). Tho o lto rn a t iv o  ro u te s  
from t h i s  quinono id  lum azine to  th e  6 — m ethyl — 7 — ozo — 
p te r id in o  a re  (a) o x id a tio n  o f  th e  7 ~ m ethyl group, whioh a t  
f i r s t  s ig h t  seoEDod u n l ik e ly , an d /o r (b) d isplacom ont o f  th e  
carbon atoms a t  p o s i t io n s  6 and 7 and t h o i r  m ethyl groups by 
a py ruvate  re s id u e .
H ydration o f  8 — S u b s titu te d  P te r id in e s .
I t  i s  (%)nvenient h ere  to  d ig re s s  s l i g h t ly  to  co n s id e r th e  
h y d ra tio n  o f  8 — s u b s t i tu te d  p te r id in e s  a s  t h i s  le d  to  a b e t t e r  
u n d ers tan d in g  o f  th e  s te p s  invo lved  in  th e  above problem.
At t h i s  tim e Hemmerich^^^ was in v e s t ig a t in g  th e  u l t r a r  
v io le t  s p e c tra  o f  8 -  s u b s t i tu te d  p te r id in e s  o f  th e  type (92) 
and suggested  th a t  th e  anomalQus s tro n g  hypsoohromic s h i f t  from 
^m ox 408 nyu, a t  pH 5 .8  to  a t  pH I J  was duo to
th e  form ation  o f  th e  anion o f  th e  "hydrated" fozm (97f H® OH) 
in  th e  s tro n g ly  a lk a lin e  medium. Ho a lso  showed th a t  th e  
h y d ra tio n  was promoted by m eta l io n s  g iv in g  c o lo u r le s s  c h e la te s  
such as (98) .
117A lb e rt, on th e  o th e r  hand, was o f  th e  op in ion  th a t  tho  
hydra ted  form was rep re se n ted  by th e  peak a t  ca . 410 nyu. and th e  
anhydrous form by th e  peak a t  ca . )10 nyu. . H is co n c lu sio n s a re  
based on th e  fc llc w in g  o b se rv a tio n s: (a ) 4  ** h y d ro zy p te rid in e  on
re d u c tio n  to  i t s  7 ,8  -  dihydro d e r iv a tiv e  e x h ib i ts  a  bathochrom ic 
and n o t a  hypsoohromic s h i f t ,  whioh phenomenon i s  a lso  found in  th e  
conversion  o f  q u in o lin e  to  d ih yd roqu ino line , and (b) 8 -  m ethyl =>
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lum aslno (99 ; R = Me), u n lik e  th e  8 « D =» r i b i t y l  d o r iv a tiv o , 
r e ta in s  tho  410 peak in  a d d i t io n  to  th o  now peak a t  3IO oyuu
on in c re a s in g  th e  pH from 1 to  13 . A lb e rt su g g e s ts  th a t  th o  
c a t io n  and n e u t r a l  spool os o f  8 -  methyl lu o az in o  a re  th e re fo re  
f u l ly  hyd ra ted  bu t th e  onion io  a hyd rated  -  anhydrous
eq u ilib r iu m  m iz tu re . Thus, ho a rgues , a  m ethyl group a t
p o s i t io n  8 cannot p reven t a c e r ta in  amount o f  h y d ra tio n  
(re p re se n te d  by th e  4 IO m b a n d )  bu t b u lk ie r  groups make i t  
s t e r i c a l l y  im poss ib lo  fo r  th e  w ate r m olecule to  rem ain th e re .
I t  was dec ided  to  examine more c lo se ly  t h i s  q u e s tio n  o f 
h y d ra tio n  o f  8 s u b s t i tu te d  p t e r id in e  d e r iv a t iv e s .  8 •» (2® -
Bydrozy e th y l)  = lum azine (99f R -  CĤ CĤ OH) was sy n th e s ised  by 
condensation o f  g lyoxal w ith  $ -  amino -  4 = (2® -  bydrozy = 
e th y l amino ) «  u r a c i l  h y d roch lo ride  (91; R •  CH  ̂ CĤ OH) in  
methanol and i t s  u l t r a v i o l e t  s p e c tra  reco rded . On chang ing th e  
pH from 1 to  I 3, th e  4 IO nyuu peak com ple tely  d isap p eared  and a  new 
peak a t  310 was observed . I t  was found moreover th a t  th e
o x id a tio n  o f  8 «  (2® -  hyd roxyethyl) -  lumapine (99 ; R •
CHgCHgOH) to  th e  7 -  0x0 d e r iv a t iv e  (lOO; R « CH^GB^OH) ta k e s  
p la c e  much more r e a d i ly  under a lk a l in e  than  under n e u t ra l  o r  
a c id  c o n d i tio n s .  T h is confirm s th a t  n u c le o p h il ic  a t ta c k  by th e  
hydroxyl ion has taken  p la ce  a t  p o s i t io n  7 and argues in  favou r 
o f  th e  an ion b e in g  th e  hydrated  epec ieo  ( i . e .  rep re se n ted  by th e  
310 m/ju band) in  agreement w ith  Henmerich®s th e o ry . Fu rthoznore , 
when sim ple a lk y l groups a re  p re se n t in  th e  7 o r  8 p o s i t io n s  then 
th e re  i s  a c e r ta in  s to r io  h indrance to  th e  h y d ra t io n  p ro cess .
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The g r e a te r  ease o f  h y d ra tio n  when a hydroxyethyl -  o r  
o in i l a r  groupp auch ae D -  r i b i t y l ,  i s  p re se n t in  p o s i t io n  8 oan 
be exp la ined  hy th e  inoreaeed  p o s s i b i l i t y  o f  h y d ra tio n  duo to  





From th e  u l t r a v i o l e t  speotrum a t  pH 1 )  o f  8 -  (2* -  hydroxy < 
e th y l)  «  lum azine (99 ; R « CHgCHgOH), A 231,282,311 m / c  and 
th a t  o f  th e  oorrospending 6 ,7  -  dim ethyl d e r iv a t iv e ,  X|vie^^231, 283, 
316 nyu, , th e  m ethyl group in  p o s it io n  ? i s  ap p a ren tly  e x e r tin g  
a  l i t t l e  in f lu e n c e  on th e  h y d ra tio n  in  a lk a l in e  s o lu t io n , which 
i s  thought to  bo an in tram o leo u la r  reac tion*
Perhaps th e  b e s t evidence f o r  th e  anion o f  8 -  s u b s t i tu te d
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p to r id ln o e  b e in g  in  th e  hyd ra ted  form i s  to  be found in  th e  
com parison o f  th e  u l t r a v i o l e t  sp e c tra  a t  pH I 3 o f  th e  lumazine 
( 92; H -  CHgCHgOH), ^h^ax.231» 283,316  ny*. w ith  t h a t  o f  th e  
correspond ing  7 ,0  -  dihy drop t  e r id in e  (97; H » CHgCHgOHj H® « H) 
Xvno.%. 231, 283,317 myu. , whioh a re  v i r tu a l ly  id e n t ic a l  (see  P ig*2 ) . 
R e a c id if ic a t io n  o f  th e  a lk a l in e  so lu t io n  o f  th e  7 ,8  -  dihydro -  
p te r id in e  gave th o  a b s o rp t iw  maxima o f th e  n e u t r a l  m olecule o f  
th e  7 ,8  -  d ihy d rop t e r id in e  show ing th a t  th e  l a t t e r  had no t m erely 
been o x id ised  to  th e  6 ,7  -  dim e thyllum azine (92 : R » CH^CH^OH).
D isplacem ent R eac tions .
Having reasonab ly  e s ta b l is h e d  th a t  8 — s u b s t i tu te d  p te r id in e s  
o f  th e  type (92) e x is t  in  th e  hydrated  form (97 ; H® -  OH) in  
a lk a l in e  s o lu t io n ,  i t  seemed p o ss ib le  th a t  th e  oompound (97; R "
D -  r i b i t y l ;  R® -  OH), whioh i s  a carb inolam ine , i s  an in te rm e d ia te  
in  th e  b io lo g ic a l  convers ion o f  Masuda°s ”0 « oompound" (92; R •
D « r i b i t y l )  in to  "V -» oompound" (93* R •  D -  r i b i t y l ) .
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I t  hao now boon found. " th a t  th io  tra n o fo n a a tio n  can be 
b3?oug^t abou t in  vits?o by r s f lu z in g  th® Iim as ino  (92 ; R «
CflgCHgOHg o r  E * D « r i b i t y l )  w ith  pyravat© f o r  8 h r .  a t  pH I 5 
to  g ive  th© 6 -  aa tlayl -  7 ~ o zo p te r id in o  (93* R = OHgCHgOH; o r  
E « D -  r i b i t y l )  id e n t i f ie d  by u l t r a v i o l e t  and in f ra ro d  s p o c tra l  
oozsparison and by paper ohromatogrsphy w ith  a u th e n t io  oamploe;
T h is , however, d id  no t ru le  ou t tho  p o c o ib i l i ty  o f  o x id a tiv e  
removal o f  th e  7 -  mothyl group ao an a l te r n a t iv e  ro u te  to  th e  
7 o zo p te r id in o .
An aquoouo so lu t io n  o f  6 ,7  -  dim ethyl « 8 D -» r i b i t y l  
lum azine (92 ; E * D -  r i b i t y l )  whon l e f t  osposed to  th e  a i r  
ouffo red  no change a f t e r  7 days b u t on s ta n d in g  f o r  oovoral woeko 
a  l i t t l o  o f  th o  6 -  m ethyl •=> 7 “  o x o p te r id in e  (95 ; H » D -  r i b i t y l )  
was d e teo ted  by p aper ohromatography» S im ila r ly ,  an a lk a l in e  
s o lu t io n  o f  th e  lumazlno d é r iv â t ivo  t h r o u ^  whioh oxygen passed  
was slow ly oonvorted to  th© 6 — methyl « 7 ® o so p to r id in o , 
r e f lu z in g  f o r  15 h r ,  b eing  re q u ire d  f o r  oomplot© ccnvorsion* Thus, 
o x id a tio n  i s  a lso  ohem ioally f e a s ib le  f o r  th e  oonversion o f  (92) 
in to  (93) '
When th e  re a c t io n  o f  th e  lum asiao (92) w ith  pyruv& to a t  pH 13 
was c a r r ie d  o u t under ozygen «> f re e  n i tro g e n ,  th© 6 — methyl •  7 
o zo p te r id in o  (95 ) wao o b ta in ed  as  b efo re . The convers ion  o f  (92 ) 
in to  (93) was a ls o  observed when th e  form er was k ep t in  tho  
p resen ce  o f  p y ruva te  a t  37^ and pH I 3 f o r  9 deya bu t th o  produc t 
was oontom inated by o th e r  doccm poeition p roduo te . Tho pH was
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v a r ie d  end th e  ocnvers ion wae found to  ta k e  p la c e  a t  pH v a lu es  
down to  7«3 bu t th e  low er th e  pH employed, th e  lo n g e r  th e  re a o t io n  
tim e req u iro d .
Qno f in a l  f a c to r  in  th e se  dieplaoocaont r e a c t io n s  s t i l l  
rem ained d o u b tfu l. The oonvero ion took  p la c e  in  th e  absenoo o f  
oxygen bu t was i t  p o s s ib le  f o r  th e  pyruvic  ao id  to  be a c t in g  a s  
an o x id is in g  agent and th e  oonvero ion th ereb y  s t i l l  fo llo w in g  an 
o x id a t iv e  meohaniea? T h is h y p o th es is  vae r e a d i ly  t e s te d  and 
proved n o t to  be th e  ca se . The lumazine (92 ; H •> CĤ CĤ OH) woe 
re f lu x e d  under n i tro g e n  in  a lk a l in e  so lu t io n  a s  b e fo re  bu t oC -  
oxobu ty rio  a c id  was s u b s t i tu te d  fo r  py ruv ic  a c id . Tho produc t 
is o la te d  was th e  6 -  e th y l -  7 -  o x o p te r id in e  (101 ; B CHgCggOS), 
no t r a c e  o f  th e  6 -  methyl « 7 »  o x o p te r id in e  b e in g  d e te c te d .
O
Oo l )
Thus, in  th e  b io lo g io a l o w v e rs io n  o f  th e  6 ,7  «= dim e thyl -  
lum azine (92) in to  th e  6 « m ethyl => 7 -  o x o p te r id in e  (93) bo th  (a )  
o x id a t iv e  removal o f  th e  7 -  m ethyl group, and (b ) n u c le o p h ilic  
a t ta c k  a t  p o s i t io n  7 o f  th e  lum azine follow ed by re a o t io n  w ith  
py ru v a te , setMn to  be chem ically  f e a s ib le  pathw ays.
However, re c e n t b iochem ical work in d ic a te s  th a t  ro u te  (a)
19
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may have p re fe ren ce  over ro u te  (b ) .  Thuo, A g s X  e ^ a ^  t r e a te d
6 ,7  -  dim ethyl « 8 -=• D -=» r ib ity llu m a z in e  ("0  -  oompound") (92;
R ■ D -  r i b i t y l )  w ith  tho  enzyme from E. a ah b y ii and d e teo ted  th e  
preeenoe o f  "V -  oompound" (93 ; H “ D -  r i b i t y l )  in  th e  re a c t io n  
m ix tu re  in  a d d i t io n  to  form aldehyde , form ic ao id  and r ib o f la v in ,  
which they  s t a t e  i s  exp la ined  by th e  fo llow ing  re a o t io n ;  -
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When pyruv ic  ac id  and 5 -  amino « i, »  B r ib i ty la m ln o u ra o i l  
were t r e a te d  w ith  th e  same enzyme under th e  same co n d i tio n s , th e se  
au th o rs  d id  n o t d e te c t "V -  compound". T h is seems su rp r is in g .
The p o s tu la te d  in te rm ed ia te  (l02 ) i s  a lso  u n l ik e ly  to  be th e
prim ary  in te rm ed ia te  as i t  has a lread y  been shown th a t  th e  lum azine
(92 ) in  a lk a l in e  so lu t io n  i s  hydrated  a t  p o s i t io n  7 and i t s  u l t r a r
v i o l e t  spectrum  i s  th a t  o f  a  7 ,8  -  d ih y d ro p te r id in e  whereas a
s t ru c tu r e  such as  (102) which has an in c reased  chromophorio eystem
would bo s im ila r  to  th a t  o f  (93)* T h is i s  no t th e  case . P lau tu s
120re c e n t iso to p e  ex p erim aits  a re  more s ig n i f io a n t  and confirm  
th a t  th e  b io lo g ic a l  convers ion o f  "0 -  oompound" in to  "V — oompound" 
fo llo w s an o x id a tiv e  meohanism. Thus "V -  compound" produced 
enzym ically  from **Q -  compound" la b e lle d  s p e c i f io a l ly  in  th e  6 ,7
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dim ethyl groupe, con ta ined  h a l f  th e  m olar s p é c i f ie  r a d io a c t iv i ty  
o f  th e  ra d io a c t iv e  lum azine , in d ic a t in g  removal o f  only  one o f  th e  
m ethyl groups d u r in g  th e  convers ion .
S y n th es is  o f  R ib o flav in  and R elated  Compounds*
W h ilst in v e s t ig a t in g  th e  above pyruva te  d isplacem ent r e a c t io n s ,  
i t  was observed th a t  when a s o lu t io n  o f  8 -  (2° -  hyd roxyethyl) -
6 ,7  -  dim ethyllum azino (92 ; R *■ CHgCĤ OH) in  a  phosphate b u f fe r  o f  
pH 7*3 was re f lu z e d  under n itro g e n  in  th e  dark  f o r  1$ hou rs , th e  
main produc t was th e  is o a llo z a z in e  d e r iv a t iv e  (96; R » CHgCHgOH). 
T h is tran sfo rm a tio n  occu rred  in  th e  absence o f  enzymes o r  any o th e r  
sou rce  o f  carbon . A s im ila r  re a c t io n  w ith  6 ,7  -  dim ethyl 8 
D -  r ib i ty l lu m a z in e  (92 ; R -  D « r i b i t y l )  fu rn ish e d  r ib o f la v in  (96 ;
R •  D -  r i b i t y l )  in  good y ie ld .
0 0
pH 7 ’ 3
R R
( 9 2 )  ( 9 4 . )
T h is confirm ed Plaut® s o b se rv a tio n  th a t  a l l  th e  carbon atoms 
o f  th e  o -  xy lene m o ie ty o f  r ib o f la v in  a re  d e r iv ed  from th e  same 
lum azine (92 ; R " D -  r i b i t y l ) .  In  o th e r  words, 2 m olecules o f  
t h i s  lum azine ("0  -  compoimd") r e a c t  under c e r ta in  co n d itio n s  to
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g iv e  1 Q oleoulo o f  r ib o f la v in .  I t  was deo ided to  a a o e r ta in  tho  
l im i t s  o f  th e se  o o n d itio n s and attem pt to  d e f in e  a meohaniem f o r  
th e  tra n s fo rm a tio n . For t h i s  pu rpose , th e  lum azine d e r iv a t iv e  
(92; R a CHgCHgOH) was used as  a model oompound, b e in g  more r e a d i ly  
a v a ila b le  than  th e  r i b i t y l  analogue.
In  o rd e r  to  ensu re th a t  th e  phosphate io n s  had no ro le  to  
p lay  in  th e  tra n sfo rm a tio n , th e  re a c tio n  was re p e a te d  u s in g  
form ate and b o ra te  b u ffe rs  o f  th e  same pH v a lu e . T h is y ie ld e d  
s im ila r  r e s u l t s .  The pH v alu e  was v a r ie d  b u t i t  was found th a t  
th e  o r ig in a l  pH o f  7 .3  (b io lo g io a l pH) was th e  optimum f o r  is o  -> 
a l lo z a z ln e  fo rm ation , th e  y ie ld s  be ing alm ost ha lved  by r a is in g  
o r  low ering  th e  pH o f  th e  re a o t io n  m ix tu re by 1 u n i t .
The convers ion o f  th e  lum azine (92) in to  th e  ie o a llo x az in o  
(96) a lso  o ccu rred  in  s tro n g ly  a c id  medium bu t w ith  reduced y ie ld  
and p u r i ty .  The iso a llo x a z in e  was d e tec ted  by p ap er chromatography 
a f t e r  ro f lu x in g  th e  lumazine in  4H — su lp h u r ic  ao id  bu t much 
decom position a lso  occu rred . 2K -  h y d ro ch lo r ic  a c id  produced some­
what b e t t e r  r e s u l t s  th an  th e  s tro n g e r  ac id  p a r t i c u la r ly  when th e  
lum azine s o lu t io n  was m a inta ined  a t  room tem peratu re  in  th e  dark  
f o r  6 weeks in  a t i g h t l y  stoppered  f la s k .
E ffe c t  o f  A d d itiv e s .
The e f f e c t  o f  v a r io u s  a d d i t iv e s  on th e  re a o t io n  was nex t 
exam ined. P l a u t r e p o r t e d  th a t  reducing  ag en ts  in c reased  th e  
r a t e  o f  r ib o f la v in  p roduc tion  in  h is  enzymic convers ions o f
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"G -  oompound". However, In  th e  in  v i t r o  experim ento deaorihed  
h e re ,  tho  a d d i t io n  o f  2 moroapto -  e thano l had no e f f e c t  on tho  
" r a te "  o r  y i e ld  o f  th e  re a o t io n .  (Tho term  " r a te "  r e f e r a  to  th© 
approx im ate tim e taken  f o r  d ieappearanoo o f  tho  lum azine s t a r t in g  
m a te r ia l  as  d o teo ted  by paper ohrom atograph ic exam ination a t  
fre q u en t in te r v a l s ) .  The a d d i tio n  o f  1 e q u iv a le n t o f  d ia o o ty l 
to  th e  re a o t io n  m ix tu re  had lik ew iee  no apparen t e f f e c t  on e i th e r  
th e  y i e ld  o r  " r a te "  o f  th e  r e a c t io n .  Gh th e  o th e r  hand, th e  
a d d i t io n  o f  n io k e l ions was found to  a c c e le ra te  th e  convers ion 
and to  fU m ieh  a s l i g h t  in c re a se  in  y ie ld .
P o ss ib le  Meohanlaa f o r  Conversion o f  (92) in to  (9 6 ) .
I t  i s  suggested  th a t  th e  mechanism o f  th e  tran sfo rm atio n  o f  
th e  lum azine (92) in to  th e  iso a llo x a z in e  (9 6 ) , and presumably o f  
th e  correspond ing  enzyme re a o t io n ,  in v o lv es th e  fo llo w in g  s te p s .
(a )  R ing-open ing o f  th e  p y raz in e  r in g  in  th e  quinono id  p te r id in e  
(92 ) ta k e s  p la c e ,  b e in g  i n i t i a t e d  by n u c le o p h il ic  a t ta c k  a t  
p o s i t io n  7 ( 9 2 - ^  103—> 104) .  (The d isplacem ent experim ents 
p re v io u s ly  deso ribod  c le a r ly  in d ic a te  th a t  th e  p y raz in e  r in g  « 
c lo su re  in  th e  quinono id  p te r id in e s  such a s  (92) io  r e v e r s ib le ) .
(b ) Aldol condensation in v o lv in g  two m olecules o f  ( 104) occu rs
to  g iv e  th e  la rg e  m olecule ( 105) which i s  in  e f f e c t  a  d e r iv a t iv e
122o f  dim eric  d ia o e ty l ,  as suggested  by B irch . An a l te r n a t iv e  to  
th e  mechanism v ia  th e  r a th e r  cumbersome m olecule ( 105) i s  t h a t  a 
d ia o e ty l  m o ie ty  i s  c leaved  from one m olecule o f  ( 104) and r e a c ts
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w ith  tho  second m olecule o f  ( 104) to  form tho  " in te rm ed ia te "  
(94 ) o f  Cresowoll and Wood^^ which then  o y o lise e  to  th e  le o  » 
a llo z a z in e  (9 6 ) ,  However, i f  t h i s  were so , th e  a d d i t io n  o f  one 
eq u iv a len t o f  d ia o e ty l to  th e  re a o t io n  m ix tu re  should  have 
doubled th e  y i e ld  o f  is o a llo x a z in e  which was n o t th e  ca se .
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(o ) Q srollaation o f  tho  In te m o d la te  (lO$) w ith  lo s s  o f  tho  
d iam inopyrim ldino p o r tio n ,  on th o  r i ^ t  hand a id e  o f  tho  d o tte d  
l i n e ,  g iv e s  tho  io o a llo x a s ln o  (9 6 ) . T h is i s  s im ila r  to  th e  
o y o l is a t io n  o f  (94) rep o rto d  ty  C roesvoll and Wood?^
I t  was s u r p r is in g  to  f in d  th a t  th e  convers ion  o f  th e  lum asine 
(92 ; R " D -  r i b i t y l )  in to  r ib o f la v in  oocu rrod a ls o  in  a  s tro n g ly  
ao id  medium a l b e i t  in  much reduced y ie ld .  The f a o t  th a t  i t  ooours 
a t  a l l  in  ao id  s o lu t io n  seems to  deny tho  f i r s t  s te p  o f  th e  
mechanism^ th a t  o f  h y d ra tio n  which appeenrs to  occu r only  in  
a lk a l in e  s o lu t io n .
A te n ta t iv e  mechanism f o r  r ib o f la v in  p ro d u c tio n  in  ao id  
s o lu t io n  i s  suggested  in  tho  soheme below .
H N ©






( 0 %) (lOio)
62
0
0  - t -HjO
0  -  H® O ^ N ^ N ' ^ oh^
^  k 
(101)
The oarhonlum ion  (106) undergooa a d d i t io n  o f  w ater 
fo llow ed  by e l im in a tio n  o f  a  p ro to n  to  g ive  th e  hydrated  
lum asine ( 103)9 th e  rem a in ing s ta g e s  to  th e  iso a llo x a z in e  
ta k in g  p laoe  a s  b e fo re . A l th o u ^  a ld o l condensât io n s a re  
nozm ally base -  c a ta ly sed , i t  i s  known th a t  th ey  oan a lso  tak e  
p la c e  in  an ao id  medium ( e .g .  th e  form ation o f  phorone from 
acetone^ ̂ ^ ) .  Ko evidence , however, has y e t  been found fo r  th e
presenoe o f  th e  hyd ra ted  sp e c ie s  (IO3) in  s t r o n ^ y  ao id  medium. 
I s o la t io n  o f  In te rm ed ia te s  formed in  th e  Conversion o f  (92) 
in to  (9 6 ) .
A ttem pts were made in  v a in  to  is o l a te  in te rm e d ia te s  formed 
i n  th e  p roduc tion  o f  th e  iso a llo x a z in e  (96) from th e  lum azine (9 2 ) .  
The a d d i t io n  o f  hydroxylam ine o r  2 ,4  ~ d in itro p h en y lh y d raz ln e  to  
th e  re a o t io n  m ix tu re  produced a m ix tu re  o f  no lo s s  than  e ig ^ t  
components a s  d e teo ted  by paper ohromatogrophy and a ttem p ts  a t  
is o l a t i o n  ended in  f a i l u r e .
According to  th e  proposed meohanism, a  4 -  s u b s t i tu te d  «° 
amino — 5 ““ am inopy iim idino m o iety i s  o leaved  from th e  in te rm ed ia te  
( 105) ,  as shown on th e  r ig h t  hand s id e  o f  th e  d o tte d  l in e .
6)
Svldenoo f o r  th e  preeenoo o f  th e  d l amino pyrim id ine (91 ) has 
been found* In  th e  model re a c t io n s  u s in g  th e  lumaalno (92; R « 
CEgCHgOE) * a  sm all amount o f  th e  p y rlm id o p te r ld ln e  (lOJf S * 
CHgCRgOH) was Iso la ted *  ( ^ e s s w e l l ,  N ell son and Wood^^ have 
shown th a t  such p y r lm ld o p te rld ln es  can be r e a d i ly  formed from 
dlam lnopyrim ldlnoo such a s  (9 l)^ >  Fu rtherm ore , th e  ad d i tio n  o f  
g ly o za l to  th e  r e a c t io n  m ix tu re  from th e  lum aeino (92 ; R « 
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T his i s ,  however, n o t th e  complete answer a s  P laut'^s 
120Iso to p e  s tu d ie s  p o in t to  th e  preoenoo o f  a  pyrim id ine (* W ), 
i n  b io lo g ic a l  system s in  which r ib o f la v in  has been produoed 
enqyrnioally from **G -  compound” * Thie py rim id ine  ( ”%” ) i s  n o t
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th e  dloQ ilnopyrlmldlnd (91; H •  D -  r lb i ty l ) *  H is g en era l 
meohanien aa ropraoentod  by th e  equa tion  below ag ree s , however, 
on th e  whole w ith  th e  meohanism proposed above*
2 X  ”0 -  compound” - - - - - - - - - - - - - - >  R ibo flav in  ❖ ”X”.
The com position o f  ”X” has no t y e t  been e lu c id a te d  by 
P la u t  bu t he has shown th a t  r a d io a c t iv i ty  from 6 ,7  -  dim ethyl -- 
0 •» D r ib i ty llu m a z in o  (2 i s  in c o rp o ra ted  in  ”X” and th e
l a t t e r  on a lk a l in e  degrada tion  y ie ld s  r a d io a c t iv e  urea*
T herefo re  Cg o f  th e  lumazino rem a ins a s so o ia te d  w ith  th e  two 
n itro g e n  atoms in  ”X”« On th e  o th e r  hand, when th e  la b e l was 
p laced  in  th e  6 and 7 methyl groups o f  th e  lum asino , th e  is o la te d  
compound ”X” was in a c t iv e  sad  th e  l a t t e r  y ie ld e d  in a c t iv e  u re a  on 
dégradation* R ad io ao tiv ity  from th e  lum asine (4 , 6a  -  was 
reoovered  in  ”X”« Thus, th e  oarbon atoms 2 ,4  and 8a o f  th e  
o r ig in a l  lu n az in e  were re ta in e d  in  ”X”« Thus, ”X” would appear 
to  be a  pyrim id ine d e r iv a t iv e  bu t i t s  p re o ise  s t ru c tu r e  i s ,  as  
y e t ,  unknown.
2 -  Amino » 4  «° hydroxy -  8 -  s u b s t i tu te d  P te r id in e s*
I t  was dec ided  to  apply th e  d isplacem ent s tu d ie s  and th e  
form ation o f  iso a llo x a z in e  d e r iv a t iv e s  to  th e  2 — amino 4 
h y d ro x y p ter id in e  s e r ie s ,  th e  l a t t e r  be ing  th e  moot oommon 
n a tu r a l ly  o cc u rr in g  p to r id in e  nucleu s .
S y n th es is  o f  th e  8 -  S u b s t i tu te d  P te r id in e s .
2 -  Amino -  4 -  ohlo ro  -  6 -  hydroxypyzdm idino^ was
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n i t r a t e d  under c a re fu l ly  c o n tro lle d  co n d i tio n s  y ie ld in g  th e  
5 -  n l t r o  compound (108). T h is  n i t r e  «> ohloropyrim id ine was 
oondoneod w ith  a s u i ta b le  prim ary  amino to  g iv e  th e  
oorrespond ing 4 -  s u b s t i tu te d  am inopyrimidino ( 109) which on 
hydrogenation a ffo rd ed  th e  key d iom inopyrim idine ( 1 1 0 ) ,is o la te d  
a s  th e  hydroohlorido* Subsequw t trea tm en t o f  (IIO) w ith  
d ia o e ty l  o r  py ruva te  y ie ld e d  th e  p te r id in e s  ( i l l )  and (112) 
re s p e c t iv e ly .
Conversion o f  th e  6 ,7  -  D im e thy lp te rid ine ( i l l )  to  th e  6 -  Methyl *■ 
7 -  o x o p te r id in e  (112).
The same p a t te rn  a s  found in  th e  2 « o x o p te r id in e  o e r ie s  
was fo llow ed . In  th e  abaenoe o f  oxygen, diaplaoem ent by 
py ru v a te  oocu rred  to  g ive th e  6 -  m ethyl -  7 o x o p te r id in e  (112) 
a t  pH 15.  O xida tion o f  th e  p te r ld in o  ( i l l )  to  (112) a lso  
oocu rred  even more re a d i ly  than  w ith  th e  co rrespond ing  2 -  0x0 
compound bu t a  lo n g e r re f lu x in g  tim e was s t i l l  re q u ire d  f o r  th e  
com plete ocnvorsion v ia  o x id a tio n  than  v ia  d isplacem ent by 
p y ruva te  in  th e  absence o f  oxygen» Again, th e  optimum co n d itio n s  
f o r  th e  convers ion , w hether by o x id a tio n  o r  d isplacam ent was a t  
pH 13 a lthough  th e  re a c t io n  a lso  took p lace  much more slow ly a t  
pH 7» 3* The hydrated  p te r ld in o  ( I I 3) would th u s  appear to  be an 
in te rm ed ia te  in  both  r e a c t io n s .
S y n th es is  o f  I so a llo x a z in e  2 -  Im ines . (1 1 5 ).
2 ,1 0  « D ihydro -  4  -  hydroxy -  10 •  (2® -  hyd roxysthy l) -»
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was sornthesiesd in  th ro s  d i f fo re n t wo^s»
( i )  A fijn th ee le  to  th a t  o f  Crescsroll and Wood^^ f o r
r ib o f la v in  was o a r r ie d  ou t hgr ro a o tln g  th e  dimor o f  d la o o ty l w ith  
th e  d iaeiinopyriiaidiao (110; H « CH^CH^^) to  g ive  th e  is o  -  
a l lo z a s ln o  « 2 -> lain®  (1155 B = CHgCĤ OH) p rosuaab ly  v ia
th e  In te z a e d ia to  ( l l4 )  R ® CHgCHgOH) hST analogy w ith  CresBWoll 
and Wood° s reactiQ a»
( i i )  The r i b i t y l  s ldo -oha in  o f  2 imino -  r ib o f la v in  ( l 15f R "*
D r i b i t y l )  ( s  eec^lo  o f  whioh was k in d ly  su p p lied  by DTo ?• 
Hessoerich^ IM iv e rs ity  o f  B asle) was oloaved w ith  p e r io d a te  to  
g ive  th e  aldehyde ( I I 6 ) whioh on réd u c tio n  w ith  ood iua boro ~ 
hydride  fu rn ish ed  th e  ifio a llo x aa in e  -  2 « iodne (1155 R = 
CHgCHgOE)*
( i i i )  The 6^7 -  d im o thy lp to r id ino  ( i l l ;  H » CHgCSgOE) was 
re f lu z e d  under n itro g m i in  a  phosphate b u f fe r  o f  pH 7*5 f o r  
2k hou rs . During t h i s  tim e any s o l id  p roduc t whioh formed was 
removed by f i l t r a t i o n  a t  in te r v a ls  o f  6 hou rs to  keep 
deoom position to  a  minimum. The produo t had id e n t io a l  Hf v a lu e s  
i n  6 so lv en t system s and u l t r a v i o l e t  sp e o tra  w ith  those  o b ta in ed  
in  ( i )  and ( i i )  bu t in  t h i s  case th e  produo t could  n o t bo 
o b ta in ed  complote ly  f^eo  ffom im p u r ities^
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In f ra re d  sp e o tra  were dotorm ined fo r  n u jo l m ulls and potassium  
c h lo r ld o  dieoo* U l t r a v io le t  sp e c tra  woro dotorm inod on Uhioom 
SP6CX) and P erk in  « Elmer l3?UoVo Bpoctrophotomotoroo
Paper chromatograms were dovslopod by th e  asoondlng tech n iq u e) 
th e  so lv en t oystems boingp (k) n bu tanol « 5 a c e t ic  ao id  ( 7? 3)? 
(b ) 35̂  aqueous ammonium c h lo r id e ; (c) n « propanol « ammonium 
byd ros ido  (S*Go O088O) •= w ate r ( Is 20) $ ( s )  3^  aqueous 
eusaonium format© ; (e) a  -  bu tano l « ethanol «  w ate r ( 50 s l j s  35)5 
(P) n « bu tano l « ben sens ~ w ater = methanol ( is  Is la 2 ) , and they  
woro viewed in  u l t r a v i o l e t  l i g ^ t  o f  wavolcngtha 254 and 365 ♦
Y ie ld s  o f  aubo tancea which have no d e f in i t e  m»p« r e f e r  to  
th e  s tag e  when th ey  appeared homogeneous on p aper ohromatogr&ms*
B a rb i tu r io  Aoid* 125
E thyl m alonato ( 320g .)  and dry u rea  ( l2 0 g . ) were d isso lv ed  
in  ab so lu te  e th an o l (lOOOcc*) and added to  a sodium e thoz ido  
s o lu t io n  (46g . sodium in  lOOOcc* ab so lu te  e thano l)*  The m iz tu re  
was re flu x o d  f o r  7 hr* in  an o i l  b a th  a t  100 « 110^ and ho t w ater 
( 2OOO00. a t  50^) was added, fo llow ed by co n cen tra ted  hydrcchlo ido  
ao id  ( 1880c . )o A f te r  s t i r r i n g ,  th e  so lu t io n  was f i l t e r e d  and l o f t  
to  s tan d  o v o m i ^ t  a t  0 ° .  The c r y s ta l l in e  produo t was o o lle c to d .
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washed w ith  co ld  w ater (ZOOco. ) and ovorwdriod a t  100 -  110° f o r  
2 h r .  to  g ive w hite  o iy s ta lo  (l92g* ; 755 )̂» ®-P* 2)8 -  240°  (d e c .)  
( l i t . , 240°).
2,4*6 -  T r ich io ro p y rlm id in e .
B a rb i tu r ic  ao id  (63g. ) was added portionw ice  over 10 min* 
to  a m ix tu re  o f  d io th y la n i l in o  ( l2t coo)  and phoophosyl ch lo r id e  
( 19Ô0O0) and th e  whole was hea ted  under re f lu x  f o r  1 3 - 2 0  min«, 
coo led  and poured on to  ioo  (lOOOg. ) .  The m ix tu re  was e x tra c te d  
w ith  e th e r  (4  % 230co .)  and th e  combined e th e r  o x tra o ts  were d r ie d  
ove r anhydrous sodium su lp h a te . Tho o th e r  was removed under vacuum 
and th e  o i ly  re s id u e  was f r a c t io n a l ly  d i s t i l l e d  a t  reduced p re ssu re , 
th e  f r a c t io n  o f  b .p . 103^ /  35 am* Hg* being o o llo o te d  to  g ive th e  
t r i  oh loropyrim id ine ( 70g*| 76%) as a c le a r  v isco u s  o i l .  (Care was 
ex e rc ised  in  h an d lin g  t h i s  produot duo to  i t s  h ig h ly  vesio&uit 
p r o p e r t ie s ) •
4 -  C h lo ro u rao il»^^
2 , 4)6  -  T ri ohloropyrim id ine (74g* ) was h ea ted  under re f lu x  fo r  
16 h r . in  a  so lu t io n  o f  sodium hydroxide ( 64. 3g* ) i»  w ater (63O00. )*
On oooling , th e  sodium s a l t  o f  4 « c h lo ro u ra c il sep a ra ted  and t h i s  
was converted  to  th e  f re e  pyrim id ine by the  a d d itio n  o f  co n cen tra ted  
h y d ro ch lo ric  ao id  (8O00. ) .  The product was c o lle o te d , r e o r y s ta l l i s e d  
from tho  minimum amount o f  w ater and d ried  over s i l i c a  gel to  g ive 
4 -  o h lo ro u rao il as  f in e  w hite n eed les  ( 53g*l 90^ ) ,  w .p. 301°  (deo. )*
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4 = Chloro « 5 -  n i t ro u r a o i l* ^ ^
Dxy « 4 -  c h lo ro u ra o il (5g*) wao p a r t i a l l y  d icso lvod  in  
36 H su lp h u r ic  ao id  (6co«) a t  ^  40°  and n i t r i c  ao id  (d ,l« 5 l 
5*300*) was added slow ly a t  0° , s t i r r i n g  u n t i l  th e  ^ l i d  had 
com plote ly  d isaolvod* Tho so lu t io n  was kopt a t  room tem peratu re 
f o r  30 min* by which tim e tho  p roduc t had ooparatod , and was thon 
poured on to  ic e  (20g«3* The w h ite produo t was ra p id ly  o o llo o ted , 
washed w ith  co ld  w ater ( 2 s  20oo«) asid o th e r  ( 5O00* ) and d r ie d  
in  vacuo ove r phosphorus pentosido* Y ield  2* 5g* » m.p* 220 -  221.^ 
( l i t . , 220 -  222°).
21D •  Biboso OsiBe.
Sodium e th o s id o  so lu t io n  (3* 5g« codium in_?5oc* ab so lu te  
o thano l) was added to  a so lu t io n  o f  dry hydroxyl amine hydroch lo ride  
(lO«8g«) in  ab so lu te  e thano l ( 225o c .)  and tho  m ix tu re  was allow ed 
to  stand  o v e m i^ t*  A fte r  f i l t r a t i o n  o f  tho  sodium ohio rido r th e  
f i l t r a t e  was h ea ted  to  70° and tho  hot so lu t io n  was t r e a te d  p o r t io n -  
w ise w ith  D <=> r ib o se  (l5g* )* The m ix turo wao kep t a t  room t^ o p e ra tu ro  
o v e rn ig h t , then  th e  produo t was c o lle o te d  and washed w ith  e thano l 
and o th e r  to  g ive  D -  ribooe oxime (l4«21g*; 86^), m .p. I 39 -  140°
( l i t . , ^ ^  140° ) .
2 .6  — D ihydroar — 5 — n i t r o  — 4 -  D ”  r i b i t y l a i a i a o p j T i J B l d i n e .
D -  Bibo BO oxime (6 .6 g .)  was d isso lv ed  in  w ate r (2D0oc*) and 
hydrogenated over p latinum  oxide o a to ly s t (2g«) which had p rev io u s ly  
been pre*r@duced« When th e  up take o f  hydrogen wae complete tho
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o a t a l / o t  was removed and th e  r e s u l t  in g  D =- r i b i t y l  amine 
s o lu tio n  was t r e a te d  w ith  a so lu tio n  o f 4 -  ch lo ro  » 3 « n i t r o  -  
u r a o i l  (3*9g*) in  e thano l (2 O O 0 0 . ) a t  room tem p era tu re . A fte r  
24 hr* th e  s o l id  (lg « ) which had formed was c o l le o te d  and shown 
to  be id e n t ic a l  in  i t s  p h y sica l p ro p e r t ie s  to  an a u th e n tic  sample 
o f  4  -  amino « 2 , 6  -  dihydroxy -> 5 ~ n itro p y rim id in e . The f i l t r a t©  
wao shown, by paper chromatography, to  con ta in  two o th e r  
py rim id ines which were sep ara ted  by ion  -> exchange chromatography* 
The so lu tio n  was t r e a te d  w ith  annonia and foxmio a c id  u n t i l  
b u ffe re d  a t  pH 10*7, added to  a column o f th e  r e s in  (A m berlite 
CQ4OO1 form ate form ), and th e  column thoroughly  washed w ith  
anznonium form ate b u f fe r  (pH 10*7)* Ho product was e lu te d  a t  
t h i s  stage* The pH o f  th e  b u ffe r  so lu tio n  was changed to  7*4 and 
a b r ig h t yellow  pyrim idine o f  unknown c o n s t i tu t io n  was e lu te d .
( 322 myLi a t  pH 1; 334 r y i a t  pH I 3. ) .  On changing to
a b u ffe r  o f  pH4 , th e  second pyrim id ine was e lu te d  and tho so lu tio n  
was co n cen tra ted  to  eg* lOcc* in  vacuo a t  40°. Ethanol
( 5OOOC* ) was added and th e  r e s u l t in g  w hite p r e c ip i t a t e  was 
c o lle o te d , f re e d  from ammonium form ate by b o i l in g  in  othanol ( 15O0C0) 
and f i l t e r e d .  ( 2 . 6g . ) ,  m.p. 202 -  204°  ( l i t . , ^ ^  20)  -  204° ) .
D iaoety l Dimer.^
H = Potassium  hydroxide so lu tio n  (350oo*) was added dropwise 
over a p e rio d  o f  1 hr* to  a s t i r r e d  so lu tio n  o f  d ia o e ty l (lOOg*) 
in  w ater ( 3OO0C*) w hile th e  re a c tio n  m ixture was m ain ta ined  a t  0°. 
The pade yellow  so lu tio n , a f t e r  a c id i f ic a t io n  w ith  10^ su lp h u ric
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ac id f was e x tra c te d  w ith  e th e r  ( 4 x 250oo*)o The e th e re a l 
e x t r a c t  was d r ie d  ove r anhydrous sodium su lp h a te  and th e  so lv en t 
was evaporated  in  vacuo g iv in g  a yellow  v ioooue l iq u id  ( 51g*) 
which was f r a c t io n a l ly  d i s t i l l e d  a t  0»3 mm*, th e  f r a c t io n ,  b*p*
85° being c o l le c te d .  Bedi s t i l l  a t  ion a t  0 ,15  mm, (b.p* 79°) 
y ie ld e d  a p a le  yellow  gum which c r y s ta l l i s e d  on s ta n d in g  a t  
room tem peratu re  f o r  se v e ra l days . The yellow  s o l id  was 
r e o r y s ta l l is e d  from e th e r  -  l i g h t  petroleum  (60 -  80°) and so 
gave w h ite c r y s ta l s ,  m*p. 55 57° ( l i t .  51 -  54°) » The Ï .R .
spectrum  o f  th e  p roduc t agreed w ith  th a t  o f  B irch  and Moyo^^.
R eac tion  o f D iaoe ty l Dimer w ith  5 Amino => 2^6 dihydroxy -  
4 -  D -  r i b i t y l a minopyrim id ine .^ ^
2 ,6  -  D ihydroxy -  5 -  n i t r o  -  4 -  D -  r ib ity lam in o p y r im id in o  
( 0 , 25g .)  was d is so lv e d , in  w ater ( 20oc. ) and hydrogenated u s in g  p re ­
reduced Adames c a ta ly s t  (O .lg* ) .  Vfhon th e  hydrogen up take was 
com plete th e  f la s k  was removed from th e  ap p a ra tu s  under n itro g en  
and th e  rem a inder o f  th e  prooeduro c a rr ie d  o u t in  a cab in e t in  an 
atmosphere o f  n itro g e n .  The c a ta ly s t  wao f i l t e r e d  and the  f i l t r a t e  
was t r e a te d  w ith  a  so lu t io n  o f  d ia o e ty l dimer ( 0*15g. ) in  w ater 
( l Oco . ) ,  The l i ^ t  orange m ix tu re  was hea ted  a t  90° on a w ater 
b a th  fo r  I 5 m in. d u r in g  which tim e th e  so lu t io n  darkened in  colour* 
P aper ohromatography showed th e  presence o f two compounds, one 
e x h ib i t in g  orange f lu o re scen ce  and th e  o th e r ,  yellow  flu o re scen ce  
when viewed in  u l t r a v i o l e t  l i g h t .  The so lu t io n  was co n cen tra ted  
to  oa . 5oo* and chromatographed on sev e ra l Whatman Ho. 17 f i l t e r
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p ap e rs  u s in g  so lv e n t system ( a)« The yellow  f lu o r s so ing  band 
was e lu te d  w ith  w ater and th e  e lu a ts  was f^eose  == d r ie d  to  g ive 
a gum which could  n o t be o ry e ta ll is e d *  A ll a t te m p ts 'to  i s o la te  
t h i s  oofflpcund were h indered  by i t s  extr@ae i n s t a b i l i t y ,  b eing  
converted  to  i t s  dehydrated  form ( th e  orange -  f lu o re s c in g  
component), to  r ib o f la v in  and to  d eg rad a tiv e  p ro d u c ts . Tho 
yellow  -  f lu o re s c in g  component had , however, a ^ life tim e'^  o f  
a  few days when s to re d  as a  dry paper chromatogram band in  a 
se a le d  po ly thene  bag*
6 ,7  -  D imethyl -  8 -  D = r ib i ty llu m a z in o .  (ltasuda°s -
2 ,6  ^  D ihydroxy -  5 -  n i t r o  4 -  D = rib ity leu n in o  -  
py rim id ine (2 g .)  was d isso lv ed  in  w ater (200oo .) and 
hydrogenated over p a lla d iso d  charcoal (lO^ Pd*; I g . ) .
A ttem pts to  i s o l a t e  th e  r e s u l t in g  d iam inopyrim idino as th e  
hyd roch lo ride  u s in g  th e  procedu re d esc r ib ed  subsequently  1 er 
th e  hydroxy e th y l amino compound, were u n su cce ssfu l and th e  
fo llo w in g  s te p s  wore c a r r ie d  ou t in  an atmosphere o f  n i tro g e n .
The c a ta ly s t  was removed, th e  f i l t r a t e  was a d ju s te d  to  pH 2 
by dropw ise a d d i t io n  o f  2 H = h y d ro ch lo r ic  a c id  and d ia c e ty l 
( 500*) was added . The re a c t io n  m ix tu re was h ea ted  in  a  w ater 
b a th  a t  80° in  th e  dark  fo r  y) min* Treatm ent w ith  a  l i t t l e  
an imal  cha rcoal fo llow ed and a f t e r  f i l t r a t i o n  th e  s o lu t io n  was 
co n cen tra ted  in  vacuo to  ca . lOco. Hot e th an o l was added u n t i l
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th e  produo t hogan to  ao p a ra te , r e f r ig e r a t io n  ooraploting th e  
o z y B ta ll ie a t io n  to  g ive  yellow  neodlee (lo21g«},meP« 268° (doOo). 
R e c ry c ta l l ia a t io n  from a l i t t l e  w ater by th e  tech n iq u e  o f 
P f le id e r e r  and H u b e i y i e l d e d  yellow  n eed les , m*po 271° (d e c .)  
Q li to ,^ ^  270 -  271° (doo*^ . Tho u l t r a v i o l e t  s p e c tra  and Hf 
v a lu e s  o f  th e  p roduc t were id e n t ic a l  to  th o se  d esc r ib ed  In  th e  
l i t e r a t u r e .
7 ,8  -  Dihydro -  2*6 dlhydroxy « 6 methyl -  7 0x0 -  8 -
D = r ib i ty lp te r id in e o  (MaBUda '̂e **V ^  compound”) *
2 ,6  -  Dihydro:qr -  5 ~ n i t r o  -= 4 -  D -= r i b i t y l  ami no « 
pyrim id ine ( 5OO mg.) wao hydrogenated over p a l la d is o d  charooal 
( 103  ̂ Pdoj 200 mg.)* The r e s u l t in g  5 -  am inopyrim idino was 
oondensod w ith  p y ruv ic  a c id  (IOO3G ; 0*4 00. ) by h e a tin g  a t  pH 1 
in  a w ate r b a th  a t  90°  fo r  1 hr* in  th e  dark  in  an atmosphere o f  
n i tro g e n .  The s o lu t io n  was co n cen tra ted  to  joa. $00. ,  t r e a te d  w ith  
a l i t t l e  charooal and th e  charcoal wao e x tra c te d  w ith  5% aqueous 
p y r id in e  a f t e r  w ash ing w ith  w ate r . The charcoal trea tm en t and 
e lu t io n  procedu re were rep ea ted  w ith  the  f i l t r a t e ,  and the  
combined aqueous p y r id in e  e x t r a c ts  co n cen tra ted  in  vacuo to  oa. 
lo c .  Ethanol ( 5O0C*) was added and th e  m ix tu re  was r e f r ig e r a te d  
to  complete th e  p r e c ip i ta t io n  o f  a p a le  yellow  so lid*  The 
produo t was d isso lv e d  in  w ater ( 5 co .) and f in a l ly  p u r i f ie d  by 
la rg e  so&le paper chromatography u s in g  Whatman Ho. 17 Papers*
The v io le t  bands (mean Rf 0 . 30 in  so lven t eyotem[(Q ) were ou t o u t , 
e lu te d  w ith  w ater and th e  combined aqueous e x t r a c ts  were
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evapo ra ted  to  diynGsa under vacuum to  g ive a w h ite  s o l id  
(103 mgo) which wao o r y s ta l l ie e d  from 80^  aq^ucous o th an o l.
m .p. 260°  (dooo) [ l i t* p ^ ^  263°  (doc*) The Rf v a lu es  and
u l t r a v i o l e t  opoo tra  were id e n t ic a l  to  thoso  re p o r te d  in  the  
lito r& tu ro * ^ ^
-  hydroxygthy la a in o ) -  5 -  n it.ro  ■
py r im id in o ,
4 -  Chloro "= 5 -  n i t r o u r a c i l  (l6o7g*) in  e th an o l (200 00*) 
was t r e a te d  w ith  e thano l amine (l2cc*) end h ea ted , w ith  s t i r r i n g ,  
on a steam b a th  under re f lu x  f o r  15 min* On co o lin g , tho  
hydrosyothylam ino pyrim id ine sep ara ted  as f in e  p a le  yellow  
needles* R e o ry s ta l i is a t io n  from aqueous e th an o l y ie ld e d  
w hite  n eed les  (l6*5g*) , m*p* 218 « 219° ( l i t * , ^ ^  217 -  219°)*
5 — A m i n o  -  2 ,6  °» d i h y d r o  j y  -  4 -  (2^ -» h y d r o x y a  t h y l  a m i n o )  -  
p y r i m i d i n e ^  % d r o c h l o r i d e *
4 -  ( 2 ° «=> Hydroxy e t  hy 1 amino ) -  5 -  n i t r o u r a c i l  ( 6*6g*) 
was suspended in  w ater (25O0C*) and 2H sodium hydrox ide 
s o lu t io n  was added dropw ise u n t i l  th e  s o l id  j u s t  d issolved*
The n i t r o  group wao reduced by hyd rogenation over Raney n ic k e l 
emd th e  c a ta ly s t  f i l t e r e d  o f f ,  tho  f i l t r a t©  be ing  o o lleo to d  in  
a so lu t io n  o f  oonoen tra ted  hydrooh lo rio  ao id  ( 380c*) in  w ater 
( 3OGO0) .  T h is a c id ic  so lu t io n  was oonoen tra ted  to  oa* 20oo* 
in  vacuo w ithou t delay* (O therw ise form ation o f  2 ,10  -  
d ihyd ro  — 9 -  ( 2 ® •=> hydroxyothyl) 4 ) 6 ,8  t r ih y d ro ]^  — 2
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ozopyrifflldo ^ $ ,4  »  g j  p te r id in e  oooure duo to  o x id a tiv e  s e l f  « 
condenaation o f  th o  d iam inopyrim idine) • H o fr ig o ra tio n  o f  tho  
s o lu t io n  y ie ld e d  a w hite  o z y s ta l l in e  s o l id ,  which on ra p id  
r s c z y o ta l l is a t io n  ttom  96^  aqueous methanol gave th e  hydro » 
c h lo r id o  a s  w h ite  fe a th e ry  o iy o ta la  (k*ls*)p  ®*P» 2$2 -  2J4°  
(d e o .) .  (Pound t C ,32 .7; H, 4 . 6 ; 25 .8 ; C l, I 5. 6 .
^6® l l W ^  r e q u ir e s  C ,32.35; H, 4 .9 ; H ,25.2; C l, 15.9556).
The p roduc t may ho s to re d  under vacuum ove r phosphorus pen toz ide  
f o r  a  few days b u t s to rag e  f o r  lo n g er p e r io d s  r e s u l t s  in  
decom position .
8 -  ( 2 ° -  Hydroxyothyl) « lum agine .
(a) 4 -  ( 2 ® -  Bÿdroxyethylam ino) -  5 «  n i t r o u r a c i l  ( 5OO mg.) 
was d isso lv e d  in  O.IH — sodium hyd rox ide (lO oo .) and sodium 
d i th io n i to  was added u n t i l  th e  yellow  co lo u r  d isap p eared . The
pH was ad ju s te d  to  1 •  2 w ith  2H hydrooh lo rio  a c id  and a so lu t io n  
o f  g lyoxal monohydrate (0 .2 g .)  in  w ater (lOoo . ) was added. The 
so lu t io n  was h ea ted  on a  steam b a th  fo r  20 m in ., f i l t e r e d  hot 
a f t e r  t r e a t in g  w ith  oharooea , and r e f r ig s r a te d  to  g ive yellow  
c r y s t a l s  (O e28g .). Repeated r e o z y e ta l l is a t io n  from aqueous 
m ethanol/ e th e r  y ie ld e d  yellow  o x y sta lo  ( 0 . 15g . ) ,  m .p. 280 => 285°  
( d e o .) .
(b) A muoh su p e rio r  method o f  sy n th e s is in g  t h i s  lum asine 
d e r iv a t iv e  was as fo llow s: 5 -  amino « 4 -  ( 2 ® -  hydroxyothyl-
amino) -  u r a o i l  hyd roch lo ride  ( 0 . 9g. ) was suspended in  methanol
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( 20oo*) and a  s o lu t io n  o f  po ly  g lyoxal ( 0«4g»} in  mothanol 
( 3000. )  was added . The m ix tu re  waa re flu x ed  w ith  s t i r r i n g  fo r  
30 m in ., th e  co lo u r  chang ing t h r o u ^  deep red  to  brown. A f t e r  
f i l t e r i n g  h o t th e  f i l t r a t e  was allow ed to  cool in  th e  
r e f r i g e r a to r  y ie ld in g  brown priam s . R e o ry s ta ll io a t io n  from 
aqueous is o  -  p ropano l, w ith  o h arco a lin g , gave th e  lumagine as 
o range c r y s ta l  a (65O m g .), m .p. 286 -  288°  (doo .)«  (Pound t 
0 , 46.31 E ,3.5 ;  H,26o7. re q u ireo  C, 46 .15 ; H ,3*85;
Hp 26 . 936)0
8 -  (2 ® % r d r o x y e t h y l )  « 6 ,7  -  d i m e t h y l l u m a a i n e .
5 -  Amino 4 «= (2 ® -  hydroxyethylam ino) ^  u r a o i l  hydro -  
c h lo r id e  ( 3*4g*) wao suspended in  methanol ( 200o c .)  and d ia o e ty l 
( 3. 500* ) lu  methanol ( 5O00. )  im m ediately added . The m ix tu re  wao 
h ea ted  w ith  s t i r r i n g  on a  steam b a th  under r e f lu x  f o r  30 m in ., 
f i l t e r e d  hot and th e  f i l t r a t e  was cooled in  th e  re f r ig e ra to r*
The lumagine d e r iv a t iv e  sep ara ted  as b r ig h t  ye llow  n eed les  ( l .8 lg « ) ,  
m .p. 270 -  273°  (d eo .)  Q li t .p ^ ^  270°  (d o o .) | . The u l t r a v i o l e t  
ab so rp tio n  s p e c tra  and Rf v a lu e s  o f  th e  p roduc t were in  good 
agreement w ith  th o se  re p o rte d  in  th e  l i t e r a t u r e .
7#8 — D i h y d r o  — 2*4 — d i h y d r o x y  -  8 -  (2 ® -  h y d r o x y  e t h y l  ) — 6 — 
m e t h y l  -  7  -  o x o p t e r i d i n e .
5 -  Amino -  4 -  ( 2 ® « hydroxyethylam ino) -  u r a o i l  hydro -  
c h lo r id e  ( ig .  ) was su ^ en d ed  in  methanol (75c o .)  and pyruvic 
a o id  (ioo*®; 0 .8 g .) was added a t  once . The m ix tu re  was re f lu x e d
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w ith  a t is x in g  f o r  1 h r . ,  f i l t e r e d  hot and th e  f i l t r a t o  was 
cooled  in  th e  r e f r ig o r a to r  whereupon tho  produo t d ep o s ited . 
H eozya tA lliea tion  from w ater gave th e  7 -  o so p tc r id in o  aa long  
w h ite  noedlos (0 .9 2 g .) ,  a .p .  ^  350° . (Found : 0,45*2; E,4* 5; 
H, 23. 0 . OqH H, 0, re q u iro a  C,45 . 4 ; H, 4 *2 ; H, 23. 556) .
7 10 4 ^
7a8  ̂ Dihydro 2*4 -  dihydroxy -  8 -  ( 2 ® -  hydroxy^otl
lei
8 = ( 2 ® -  Hydroxy e th y l)  «• 6 ,7  disaotîaylîuaaoino (Oo6g.) 
was d isso lv ed  in  w ater (lOOco.) and hydrogenated a t  atm ospheric 
p re s su re  and tem pera tu re , u s in g  pro -reduced  p la tinum  oxide 
(Oo2go) a s  c a ta ly s t ,  u n t i l  th e  up take o f  hydrogen was complete 
( ca . 1 h r . )  2 Mole, o f  hydrogen were consumed. The c a ta ly s t  
was removed hy f i l t r a t i o n ,  th e  volume o f  tho  f i l t r a t e  was 
reduced to  oa.  20co. in  vacuo a t  ^  40°  and th e  so lu t io n  was 
r e f r ig e r a te d .  P a le  yellow  o iy s ta lo - (0«25g.O, m.p. 260° (d e c .) ,  
o f  th e  7*8 d ih y d ro p te r id in e  sep a ra ted , b e in g  f u r th e r  
supplem ented hy 0 .2g. f±om th e  m other l iq u o r  on o o n o en tra tio n .
A p o r t io n  o f  th e  produc t was ra p id ly  r o o ry s ta l l i e e d  from w ater 
f o r  a n a ly s is .  (Sound « C, 50.7 ; E ,6 .0 ; ^ ,23. 3. 
r e q u ir e s  0 ,5 0 .4 ; H, 5 .9 ; H, 23 .5  {6).
O xida tion and Réduction o f  7 .8  -  Dihydro -  2 .4  -  dihydroyy -  
8 -  ( 2 ® « hyd roxyethyl) -  6 ,7  -  d ig s th y lp to r ld ln e .
(a ) A so lu t io n  o f  th e  7 ,8  -  d ih y d ro p te r id in e  (30 mg.) in  
O.IH «» sodium hyd rox ide so lu t io n  (lO oo .) was h ea ted  on a  o ts e s  
b a th  f o r  3^ m ini Paper chromatography end u l t r a v i o l e t
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spootrosoopy showed th a t  i t  had been ro -coziverted  in to  
8 «  (2 ® -  hyd roxyethyl) -  6 ,7  -  d im e thylluaazin© .
(b) The 7 ,8  -  d ih y d ro p te r id in e  (200 mg.) in  w ater ( 5O0C .) 
was hydrogenated over p re -reduced  pla tinum  oxide (gO m g.). The 
volume o f  hydrogen consumed was 19co« a t  H .T .P ., ioo« 1 mol. o f  
hydrogen p e r mol. o f  d ihyd rop terid ino*
R eaction o f  7*8 -  P i hydro -» 2*4 -  dihydroxy — 8 — ( 2 ® -  hydroxy 
e th y l)  6 ,7  «=> d im e th y lp te r id in e  w ith  Pyruvic A cid.
(a) The d ih y d ro p te r id in e  (50 mgo) was d ie se lv o d  in  w ater 
( 50C0) and p y ruv ic  ao id  (99)6; Oo2co*) was added . The so lu t io n  was 
h ea ted  on a  stesm bath  fo r  30 min. y ie ld in g  a m ix tu re  o f  p ro d u c ts , 
one o f which wao id e n t i f ie d  so 8 •  (2 ® -  hyd roxyethy l) -  6 ,7  -  
dim e thyl lum asino , which wao formed by o x id a tio n  o f  th e  s t a r t in g  
m a te r ia l .
(b) The d ih y d ro p te r id in e  (50 mg.) was d isso lv ed  in  O.IH -  
h y d ro ch lo r ic  ao id  ($00. )  and pyruv ic  ao id  (99)6; 0 . 2cc . ) was 
added . On h e a t in g  th e  so lu t io n  as in  (a) above, th e  same 
m ix tu re  o f  p ro d u c ts  was o b ta in ed .
(o) The d ih y d ro p te r id in e  (IOO mg.) was d isso lv ed  in  O.IH -  
sodium hydrox ide (lO co .) and pyruv ic  ao id  (99)6; Oo4cc . ) was 
added . The so lu t io n  was hea ted  on th e  steam b a th  f o r  3 h r .  The 
re a c t io n  m ix tu re  wao aga in a complex m ix tu re o f  p ro d u c ts  bu t in  
a d d i t io n  to  th e  o x id a tio n  produc t 8 — (2 ® -  hyd roxyethyl) — 6 ,7  -  
d im e thyllum aaine , a compound, whioh was id e n t ic a l  in  Rf v a lu es
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in  so lv en t cystem s(A )to (s)and in  u l t r a v i o l e t  ab so rp tio n  
spectrum  w ith  7 ,8  -  dihydro -  2 ,4  -  dihydroxy -  8 -  ( 2 ® -  
hyd roxyethyl) -  6 -  methyl -  7 -  o x o p te r id in e , was d e teo ted .
R eac tion o f  8 -  (2® -  Hydroxyethyl) -  6 .7  -  dim e thyllum asine
(a) 8 -  (2® « Hydroxyethyl) -  6 ,7  -  dim o thylluaaBino 
(lOO mgo) was d isso lv ed  in  O.IH » sodium hyd rox ide so lu tio n  
( 2O00. )  and pyruvio  ao id  (lOO^j 0 . 08oo. ) was added . The pH 
o f  th e  s o lu t io n  was ad ju s ted  to  I 3 by th e  dropw ise ad d i tio n  
o f  H -  sodium hydrox ide and th e  re a c t io n  m ix tu re  was re f lu x ed  
in  th e  dark  fo r  8 h r .  Adjustment to  pH 4  and r e f r ig e r a t io n  
o f  th e  so lu t io n  o v ern ig h t y ie ld e d  p a le  yellow  c r y s ta l s .  
R e o ry s ta ll io a t io n  from w ater (lO co .)  produced o ff-w h i te  n eed les , 
which on f u r th e r  r e o r y s ta l l is a t io n  (oharooal) gave lo n g  f in e  
w h ite  n eed les  (40 mg»), m.p. 300° .  The produo t wao 
id e n t ic a l  in  Rf v a lu e s  (3  d i f f e r e n t  so lv en t sy stem s) , in  
u l t r a v i o l e t  and in  in f ra re d  opeo tra  w ith  an a u th e n t ic  sample
o f  7 ,8  -  dihyd ro  -  2 ,4  -  dihydroxy -» 8 -  ( 2 ® -  hyd roxyethyl) -*
6 — methyl = 7 -  o x o p te r id in e .
(b) The above procedu re was rep ea ted  except th a t  th e  
re a c t io n  was o a r r ie d  ou t under oxygen -  f re e  n itro g e n  when
10 h r .  re f lu x in g  was req u ired  to  oomplete th e  r e a c t io n  bu t th e  
y i e ld  o f  p roduo t was s im ila r  and i t s  p u r i ty  s l i g h t ly  h i ^ e r .
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(o) The re a c t io n  (a) was rep ea ted  in  tho  absence o f  
pyruvio  a c id  and oxposed to  tho  atmoephoro. T h is  r o m lte d  in  
th e  form ation o f  th e  same produo t bu t w ith  reduced y ie ld .  The 
re f lu x in g  tim e had to  bo inoroasod  from 8 h r .  to  I 5 h r .  f o r  th e  
re a c t io n  to  go to  com pletion .
(d) Tho d im ethyllusnasine d e r iv a t iv e  (lO  mg.) waa d ia so lv ed  
in  O.IH -  sodium hydrox ide so lu t io n  and pyruvio  ao id  (lOC^; 1 drop) 
was added . The pH was ad ju s ted  to  I 3 and th e  r é a c t io n  m ix tu re was 
h ea ted  a t  37° in  th e  dark . Exam ination a t  v a r io u s  in te r v a ls  o f  
tim e by pape r chromatography showed th a t  th e  s t a r t i n g  m a te r ia l
had com pletely re a c te d  a f t e r  9 days form ing th e  6 mothyl -  7 =» 
o x o p te r id in e  (m a jo r produo t) in  ad d i tio n  to  o th e r  dooomposition 
p ro d u c ts .
(e) The procedu re  d escr ib ed  in  (a) was re p e a te d  a t  pH v a lu es  
11 . 3, 10 .5  and 9*3 w ith  s im ila r  r e s u l t s  bu t th e  re f lu x in g  tim e
had to  be in c reased  from 8 h r .  to  I 3 -  19 h r .  f o r  complete re a c t io n .  
(L ig h t from a 60 -  w a tt tu n g sten  lamp p laced  6 in .  from tho  
r e a c t io n  m ix tu re  had no apparent e f f e c t  on any o f  th e  above 
re a c t io n s ,  ) .
R eac tion o f  6 ,7  — D imethyl — 8 D g ib ity llu m a s in e  w ith  
Pyruvio  Aoid.
(a) The r ib ity llu m a z in o  d e r iv a t iv e  (jPO mg.) was d isso lv ed  
in  O.IH « sodium ^ d ro x id o  so lu t io n  ( l3 c o .)  and pyruvio  ac id  
( 10056; Ool6oû) was added. H -  Sodium hy d io x id e  so lu t io n  was
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added dropwlee to  re a d ju s t  th e  pH to  I 3 and th e  so lu t io n  waa 
re f lu z e d  in  th e  dark  under oxygen -free n itro g en  f o r  10 h r .  The 
re a c t io n  m ix tu re  was oonoen tra ted  to  oa« 3ooo, th e  pH ad ju s ted  
to  1 and ho t e th an o l (gOoo.) wao added. On r o f r ig e r a t io n ,  a 
brown p r e c ip i t a te  r e s u l te d  which was d isso lv ed  in  th e  minimum 
amount o f  w ater and chromatographed in  bu lk  on se v e ra l Whatman 
No*17 papers [  so lv en t system (F)J . The band, mean Hf 0o9 >, 
f lu o re s c in g  b lue in  u l t r a v i o l e t  l i g h t ,  was cu t o u t and e lu te d  
w ith  water* A fte r  oon o en tra tio n  to  oa . 2cc* th e  e lu a to  was 
chrom atographed on Whatman No* 17 P apers {^solvent system (c)J  *
The b lu e -f lu o  re  so ing  band, moan Rf O.jO, was e lu te d  w ith  w ater 
and on o o n o en tra tio n  a w h ite s o l id  (92 mg«) separated*  T h is 
p roduo t was id e n t ic a l  w ith  an a u th e n tic  specimen o f  Masuda® o 
*»V -  compound” in  Rf v a lu es  Insolvents (a) to  ( f ) J  and in  
u l t r a v i o l e t  and in f ra re d  spectra*
(b) The r ib i ty llu m a z in o  d e r iv a t iv e  (lO m g. ) was d isso lv ed  
in  a phosphate b u f fe r  so lu t io n  (20oo* ) ,  pH 7*3 and pyruvio ao id  
(1 drop) was added* The pH was re a d ju s te d  to  7*3 and th e  s o lu t io n  
was re f lu x e d  under n itro g e n  in  th e  dark* P sper chromatography 
showed tho  re a c t io n  to  be com plete a f t e r  I 8 hr* reflu x in g *  The 
p ro d u c t was id e n t ic a l  in  Rf ^ so lv e n t systems (a) to  (P )J  and in  
u l t r a v i o l e t  s p e c tra  w ith  Masuda® s ”V -  oompound”*
6 -  E thyl 7)8 -  dihydro -  2»4 -  dihydroxy — 8 -  (2® « hydroxy -  
e t l^ rl)  -  7 -  oxpp terid ineo
A suspension o f  2 ,6  « dihydroxy *= 4 ^  (2® -  hydroxyothyl -
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amino) « 5 « n i t  ropyrim i din© ( i g . )  in  w ater ( 20oco) was mad© 
s tro n g ly  a lk a l in e  by a d d i t io n  o f  H -  sodium hyd ros ido  so lu t io n  
(IO0O0) whoroby a yollow  s o lu t io n  ro su i te d .  Tho so lu t io n  was 
h ea ted  on a steam b a th  snd sodium d i th io n i te  was added u n t i l  tho  
yellow  co lou r d isappeared* Th© pH was ad ju s ted  to  5 by dropw iso 
a d d i t io n  o f  co n cen tra ted  hydrooh lo rio  ao id  and w ithou t delay  a 
s o lu t io n  o f  -  0X0 -  b u ty r ic  ao id  ( ig . )  in  w ater ( 1O000) waa 
added* A fte r  h e a t in g  f o r  1 hr* a t  90° th e  so lu t io n  was allow ed 
to  cool to  room tem peratu re  and then  re f r ig e ra te d *  White c r y s ta l s  
se p a ra te d  which on r e c x y s ta l l ie a t io n  from w ater y ie ld e d  th e  
6 « e th y l «» 7 -  o x o p te r id in e  as  w h ite  n eed les (820 mg*; 10%)̂  
m*p* 329 -  331°  (deo*)* (Found « 0,47*7 ? 3? 4<»5 5 22*0.
^10 ®12 \  ^4 C, 47*6 ; H, 4 .8  ; H, 22 .2  % )*
R eac tion o f  8 = (2® « Hydroxyethyl) « 6 ,7  « d im e thy lluaag ine w ith  
oi -  Oaco « b u ty r ic  Aoid*
The 6 ,7  -  dim ethyllum azine d e r iv a t iv e  ( 3OO mgo) was d isso lv ed  
in  O.IH » sodium hydrox ide so lu t io n  (4O0C .) ando^ == 0x0 -  b u ty r ic  
ao id  (300 mg.) in  O.IH -  sodium hydrox ide ( 300*) was added. The 
pH was a d ju s te d  to  12 and th e  so lu t io n  was re f lu x o d  in  th e  dark  
in  an atmosphere o f  oxygen -  f re e  n itro g e n  fo r  I 3 h r .  G lac ia l 
a c e t i c  a c id  was added to  g ive pH 4 and th e  s o lu t io n  was co n c en trâ ted 
to  ca . lOcoo Chi r e f r ig e r a t io n  a p a le  yellow  s o l id  depoeltod*
H e c x y s ta ll ic a tio n  from w ater (charooal) produoed w hite  c r y s ta ls  
(210 mg*), m .p. 327 -  33^° (doc*)* The produo t was id e n t ic a l  in
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Bf (6 so lv en t system s) and in  u l t r a v i o l e t  and in f ra re d  opeo tra  
w ith  an a u th e n t ic  sample o f  6 » e th y l » 7»3 « d ihyd ro  -  2 ,4  «= 
dihydroxy « 8 « (2® hydroxyethyl) -  7 -  oxop te rid ine*
O x ida tion o f  6#7 -  D imethyl -  8 -  D ^  r ib i ty l lu n a a in e *
(a) 6 ,7  -  D imethyl 8 -  D -  r ib i ty llu m a z in o  (1*5 mg*) was 
d isso lv ed  in  w ate r (loo*) and l e f t  exposed to  th e  a ir*  The 
so lu t io n  was exam ined a t  v a r io u s  tim e in te rv a ls  by paper 
chromatography so lv en t system s ( b) and (c )J  * A fte r  7 days
no change was observed bu t on s tan d in g  sev e ra l weeks a b lue 
f lu o re sc e n t spot was d e tec ted  on th e  ohromatogram when viewed 
in  u l t r a v i o l e t  l i g h t .  T h is oompound has th e  same Rf (6 so lv en t 
system s) and u l t r a v i o l e t  sp e o tra  a s  Masuda® s ”V == compound” *
(b) 6 ,7  -  D imethyl -  8 « D «° r ib i ty l lu m a z in e  (5 mg*) was 
d isso lv e d  in  0*1N -  sodium hydrox ide so lu t io n  (geo*) and oxygen 
was passed  through th e  so lu t io n  in  th e  dark* There wao s t i l l  an 
ap p rec ia b le  amount o f  s t a r t in g  m a te r ia l p re se n t a f t e r  14 days a t  
room tem peratu re  a l t h o u ^  a sm all amount o f  Masuda® s "V -  oompound” 
was a lso  d e tec ted  by paper chromatography and u l t r a v i o l e t  sp e c tra  
o f  th e  e lu te d  b lue  -  f lu o re sc e n t spots* When th e  re a c t io n  m ix tu re 
was re f lu x ed , th e  s t a r t in g  m a te r ia l was com pletely oonverted in to  
th e  6 — m ethyl — 7 — o x o p te r id in e  d e r iv a t iv e  in  I J  h r .
9 -  (2° -  Hydroxyethyl) -> 6*7 -  dim ethyl iso a llo x a z in e  from 
R ib o flav in .
R ibo flav in  ( 15O mg*) was t r e a te d  w ith  a s o lu t io n  o f  sodium
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B o taperioâ& te (260 ago) in  w ate r (lOOoc*) and l o f t  in  tho  dork 
a t  room te o p o ra tu re  o vern igh t w ith  s t i r r i n g .  Tho r e s u l t in g  
yollow  s o l id  was washed w ith  w a te r , a  l i t t l e  raothonol and than  
w ith  ether* The s o l id  (60 mg*) was added to  a  s o lu t io n  o f 
sodium ho rohydride (20 mg.) in  w ater (lOOoOo) and s t i r r e d  fo r  
10 min* On s ta n d in g  o v e m i ^ t  a t  room tem p era tu re  a  yellow  
p r e c i p i t a t e  se p a ra te d  (W3 mg*), m.p* 299 -  p 1 °  ( l i t . , ^ ^ ^  JX) -> 
301°). The produo t was id e n t ic a l  in  Rf (6  so lv e n t systoma) and 
in  u l t r a v i o l e t  s p e c tra  w ith  an a u th e n t ic  csmplo o f  9 ^  (2 ® -  
hyd roxyethy l) «  6 ,7  -  dim e thyl -  ia o a llo x a s ia e * ^ ^
Conversion o f  8 «  (2® =» H ydroxyethyl) = 6*7 -  dim e thyllum azine 
in to  9 -  ( 2® -  Hydroxyethyl) ~ 6*7 -  dim ethyl -  ic o a l lo s a s in e .
( ! )  In  Phosphate B i f f e r^  pH 7.5*
8 •  (2 ® -  Q y d ro ^ o th y l) -  6 ,7  -  dim e thyllum asino ( ig * ) 
was d isso lv ed  in  phosphate b u f fe r  so lu t io n  (S O cc .), pH 7«3f and 
th e  s o lu t io n  was rs f lu x e d  in  an atmosphere o f  oxygen -  tr&o 
n itro g e n  in  th e  d ark  f o r  15 h r .  P a le  brown c r y s ta l s  sep ara ted  
and were o c lle o to d ,  (250 mg# ; 41$) o These were ro o x y s ta l l is e d  
from w ater ( ono 3OO00. ) to  g ive  orange prieras (185 mg.j 30$ ) , 
m .p. 299 -  300°  ( l i t * , y y o  -> 301° ) .  The produo t was id e n t ic a l  
in  Rf (6  so lv e n t systam s) , in  u l t r a v i o l e t  and in f r a r e d  sp e o tra  
w ith  an a u th e n t ic  sample o f  th e  ia o a llo s a a in e  d e r iv a t iv e .  The 
m other l iq u o r  showed th e  p resence o f  a few o th e r  compounds in  
r e l a t i v e l y  sm all amounts. H alf o f  th e  m other l iq u o r  was su b je c ted  
to  la rg e  sc a le  paper chromatography a f t e r  c o n c e n tra t io n  to  eraall
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b u lk , Whatman Ho* 17 pspors be ing  ucod. Tho band which 
fluo roeood  p a le  b lue  in  u l t r a v i o l e t  l ig h t  wao ou t ou t and 
e x tra c te d  w ith  water* C oncen tration  in  vacuo y ie ld e d  2 ,10  -  
d ibyd ro  -  4 , 6 ,8  -=» tr ih y d ro x y  -  10 «> ( 2® -» hyd roxyothyl) 2 -  
0x0 •=> pyrim ido ^ 5?4 •= ^  p to r id in e  as a  yollow  powder (20 mg*) 
which was i d e n t i f i e d  hy Rf and u l t r a v i o l e t  spootra* Tho 
r@mad.nder o f  th e  m other l iq u o r  on trea tm en t w ith  g lyoxal (O* 5g .) 
and h e a tin g  on a steam b a th  fo r  30 min* gave an a d d i t io n a l 
ye llow  -  green f lu o re sc in g  spot on th e  paper chromatogram*
T h is compound had th e  some Rf v a lu es  (4  so lv e n ts )  and u l t r a v i o le t  
s p e c tra  aa 8 -  ( 2 ® -> hydroxyothyl) -  lum asino .
( i i )  In  Ftoimate B u ffe r , pH 7. Î .
The d im e thyllum azlne d e r iv a t iv e  (lOO mg.) mas re f lu x e d  in  
th e  dark  under oxygen -  f re e  n itro g e n  fo r  20 hr* in  a fozmate 
b u f fe r  (1500* ) ,  pH 7*3« The produc t was id e n t ic a l  w ith  th a t  
o b ta in ed  in  ( i ) ,  th e  y ie ld  o f  pu re iso a llo x a z in e  b e in g  17 mg. 
( 28$)*
( i i i )  In  B orate B uffe r , pH 7*3*
The d im e thyllum azine d e r iv a t iv e  (ig* ) was d isso lv ed  in  a 
b o ra te  b u ffe r  s o lu t io n  (gOcc*) ,  pH 7*3 re f lu z e d  in  th e  dark  
f o r  13 hr* under oxygen -  f re e  n itro g en  y ie ld in g  brown c r y s ta ls  
(260 mg.) which on r e o r y s ta l l is a t io n  from w ater gave orange 
c r y s ta l s  (190 mg*; ) 1$ ) , m.p. 298 -  390°.
( iv )  In  Phosphate B uffer , pH 6*3*
The re a c t io n  ( i )  was c a r r ie d  ou t as b efo re  bu t u s in g  a
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phosphate b u f fe r ,  pH 6. ) .  R eflux ing  fo r  27 h r .  was re q u ire d  
f o r  com plété d ioappoaranoe o f  s t a r t in g  m a te r ia l  from th e  
p ap e r chromatogram . Y ie ld  o f  th e  iso a llo x a z in e  was on ly  18$ .
(v ) In  B orate Buffer» pH 8 . 6 .
Tho re a o t io n  ( i )  was aga in  rep ea ted  bu t w ith  a  b o ra te  
b u f fe r ,  pH 8 .6  and re f lu x in g  f o r  30 h r .  Paper ohromatography 
in d ic a te d  th a t  some s t a r t in g  o a te r is J .  s t i l l  rem a ined . The 
is o a l lo z a s in e  d e r iv a t iv e  wao is o la te d  in  13$ y ie ld .
( v i )  In  Stron^dy Acid Meditim.
(a ) The d im e thyllum azine d e r iv a t iv e  (IOO mg.) waa d isso lv ed  
in  4H « su lp h u r ic  ao id  ( I 300. )  and re f lu x a d  in  th e  d ark  under 
n i tro g e n  f o r  17 h r .  The re a o t io n  m ix tu re was c a re fu l ly  
n e u t r a l is e d  w ith  a  oonoen tra ted  so lu t io n  o f  sodium hyd rox ide.
P ape r chromatography showed th e  p resence  o f  th e  hydroxyethyl -  
dim e thyl -  ie o a llo x a z in e  in  a d d i t io n  to  se v e ra l decom position 
p ro d u o t80 The is o a llo x a z in e ,  however, d e f ie d  any a ttem p ts  a t  
is o l a t i o n .
(b) 8  -  (2 ® -  Hydroxyethyl) -  6 ,7  -  dim e thyllum azine (lOOmg. ) 
was d isso lv ed  in  2H -  h y d ro ch lo r ic  a c id  ( 300. )  and k ep t a t  room 
tem p era tu re  in  th e  dazk fo r  6 weeks in  a  t i g h t l y  s toppered  f la s k .  
D uring t h i s  tim e brown c r y s ta l s  sep a ra te d . R e o ry s ta l l is a t io n  
from w ater produoed orange c r y s ta l s  ( l l  mg.; 18$) which were 
id e n t i c a l  to  th e  p ro d u c ts  o b ta in ed  in  ( i )  to  (▼).
(o) A s o lu t io n  o f  th e  lum azine d e r iv a t iv e  ( 3OO mg.) in  2H «  
h y d ro o h lo rio  ao id  ( 20oo .) was ro flu x e d  under n i tro g e n  in  th e  dark
f o r  18 hr* tgr which timo no o t s r t in g  m a te r ia l remained* Tho 
ro o u l t in g  b lack  s o l id  was r o o ïy a ta l l is e d  tw ice from w ater 
(ch a rco a l)  to  g ive  orange oryot&l® (l>2 mg»5 îifî^)*, id o n t io a l  
w ith  tho  p ro d u c ts  ob ta in ed  abovs in  ( i )  to  (v ) .
( v i i )  B ffoc t o f  A dd ition o f  S iaoe ty l*
R eaction ( i )  was rep ea ted  bu t w ith  a d d i t io n  o f  d ia co ty l 
(Oo4 ooo| oa . 1 oquiv. ) b efo re  re flu z in g *  The r e a c t io n  s t i l l  
re q u ire d  I 5 hr« to  go to  complot ion and th e  y lo ld  o f  puro ia o  -  
a l lo s a a in o  d e r iv a t iv e  ( l6 $  26^) was o i a i l a r  to  th a t
o b ta in ed  in  ( i ) .
( v i i i )  E ffe c t o f  A dd ition o f  2 « Heroapto -> o thanolo
' ----------------------------- — - --m   — '— “t t  ----------------------------- — n r n n —r—n w i f r  ^ — n r w r w - ■ w w r B i i i w  im  ■ — n e i
The a d d i t io n  o f  2 -  meroapto -  e thano l ( l c c .5 3 oquiv .) 
n e i th e r  a l te r e d  th e  r e a c t io n  tim e nor tho  y i e ld  o f  ie o a llo z a z in o  
d e r iv a t iv e  (29$) ob ta in ed  when c a r r ie d  ou t a s  d esc r ib e d  in  ( i ) .  
( i s )  Ef f e c t  o f  A dd ition o f  a H ickol  S a l to
A so lu t io n  o f  8 -  (2® •  byd rozyethyl) -  6*7 -  dim ethyl «- 
lumazino (lg « f k»2 m« m ol.) in  phosphate b u f fe r  s o lu t io n  ( p  c c . ) ,  
pH 7*3 was t r e a te d  w ith  a  s o lu t io n  o f n io k o l su lp h a te  (325 mg*;
2*1 m. m ol.) in  phosphate b u f fe r  so lu t io n  (ÿ )G o .) , pH 7*3* The 
m istv \re wso ro flu so d  under n itro g e n  in  th e  dark  f o r  12 h r .  by 
which tim e th e  s t a r t in g  m a te r ia l had oomplotoly re a c to d .  Ch 
co o lin g , a  brown s o l id  (617 mg.) ooparatcd . R co ry o ta lliQ a tio a  
(tw ioo) from w ate r y ie ld e d  th o  orange c r y s ta ls  (210 mg. 5 35$) o f  
9 “  ( 2 ® -  hyd rosyethy l) -  6 ,7  « dim ethyl -  ie o a llo s a z in o ,  m.p.
299 -  5)1®,
89
( s )  A ttem pts to  I s o la t e  In te rm ed ia to / o formed in  th e  R eaction .
(a) The dimetbyllumassino d e r iv a tiv e  (gOO mg.) wao 
d isoo lvod  in  phosphato b u ffo r  so lu tio n  (23oOo), pH 7*3? 
co n ta in in g  hydrozylamino bydroohlorid©  ( 3ÛO m g .). Tho pH 
h av ing  boen ro a d ju a te d  to  7*3? th o  so lu tio n  was ro flu so d  under 
n i t r o g ^  in  th e  d ark  fo r  9 h r .  Oa r e f r ig e r a t io n  th o  orud© is o  -  
a l lo z a z in o  d e r iv a t iv e  oopar&tod (120 m g.). The mothd^ l iq u o r  wan 
co n cen tra ted  to  joa« 1000. and chromatographed in  bu lk  on several. 
Whatman Ho. 17 p ap e rs  ^ so lv e n t system  ( f ) J  . Ho few er than  8 
components were d o teo ted  under u l t r a v i o le t  l i g h t .  The ab so rp tio n  
band which was lo c a te d  alm ost a t  th e  so lv en t f ro n t  was cu t out 
and e lu te d  w ith  methanol but in o u f f io ie n t  m a te r ia l was is o la te d  
f o r  o h a rac te r io a tio n o  The p a le  b lu e  band was e lu te d  w ith  w ater 
and on co n c en tra tio n  y ie ld e d  a yellow  s o lid  (8  mg.) whose u l t r a  
v io le t  and in f ra re d  sp e c tra  and Hf (6 so lv en ts)  wore id e n t ic a l  
w ith  those  o f  2 ,10  -  dihydro — 4^6 ,8  «*> tr ih y d ro ry  « 10 •« ( 2 ° -  
hydrosyethy l) -  2 -  0x0 -  pyrim ido j^5f4 -  ^  p to rid in o o  Ho 
f u r th e r  componenta could be iso la ted *
(b) The above re a c tio n  was rep ea ted  bu t w ith  th e  ad d itio n  
o f  2 ,4  -  d in i t r o  = phonylhydrazine (423 mg*) in s te a d  o f  th e  
hydrozylam ino hydrochloride* Again th e  ie o a llo z a z in e  d ep o sited  
in  s im ila r  y ie ld  bu t th e  m other l iq u o r s  con ta ined  a  complex 
m ix tu re  o f  a t  l e a s t  12 components, one o f which f lu o re sc e d  p a le  
b lu e  in  u l t r a v i o le t  l i g h t  and had th e  same Hf v a lu es  as th e
p y rim id o p te rid in e  i s o la te d  in  ( a ) .
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Conversion o f  6*7 -  Dimethyl -  8  -  D «= r ib l ty l lu m a c ia o  in to  
R ib o fla v in *
6 ,7  — Dimethyl -  8 -  D «  rib ity llvsn& z ino (lg « )  was d ioao lved  
in  a phosphato b u f fe r  so lu t io n  (50coo), pH 7*3* R efluxh ig  fo r  
13 h r .  in  tho  dark  in  an atmosphere o f  osQTgon »  f r e e  n i tro g e n  
produced th e  crude p roduc t a s  brown c x y a ta ls  ( 3I 8 mg.; 35$) 
which were c o l le c te d  and r e o r y e ta l l is e d  from w ate r (tw ice) to  
g iv e  orange o ry e ta la  (220 mg*; 38$ ) ,  ©*Po 290° ( l i t * , ^ ^  292°).
The p roduc t was id e n t ic a l  w ith  an a u th e n t ic  «ample o f  r ib o f la v in  
(com m ercial) in  in f ra re d  and u l t r a v i o l e t  s p e c tra  and in  Hf (6 
so lv en t système)*
4 pA
2 -  Amino ~ 4 ,6  -  d ihyd roxypyrim idine*
Sodium (100 g*) wae d isso lv ed  in  ethano l (lÿX ) 00. ) ,  dry 
powdered guan id ine hyd roch lo ride  (200 g«) was added , fo llow ed by 
d ie th y l  m alonate ( 32O g*) and th e  m ix tu re was re f lu x e d  f o r  2 h r .  
a t  110°. Ethanol (oa . 600 c c .)  was removed by d i s t i l l a t i o n  in  
vacuo, w a te r (2000 00. )  was added , and th e  so lu t io n  was a c id i f ie d  
w ith  g la c ia l  a c e t i c  acid* The p r e c i p i t a t e  wae f i l t e r e d  and d r ie d  
a t  110° to  g ive  th e  py rim id ine (145r«I 54* 5$) > m*P@ ^  360°*
2 -  Amino -  4#6 -  d ioh lo ro p y r im id in e .^^^
2 « iUsino » 4 ,6  d ihydroxypyrim idine ( 30g*) was re f lu x ed
a t  100°  f o r  3 hr* w ith  r e d i s t i l l e d  phoephozyl c h lo r id e  (200 c c .)  
and r e d i s t i l l e d  H,H » d ie th y la n i l in e  (30 00*)* Sxcooe phosphoryl 
c h lo r id e  and H,H -  d ie th y la n i l in e  were removed by d i s t i l l a t i o n
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in  VBOuo and tho  ro s id n o l dark  v isco u s  mass pourod oui to  
crushed  ic e  (600 g . ) .  The m ix tu re  was s t i r r e d  u n t i l  o i l  o i ly  
m a te r ia l  had d isso lved*  The brown s o l id  wae th en  c o l le c te d ,  
washed w ith  2H -  sodium hyd rox ide so lu t io n  to  remove u n d h an ^d  
p h en o lic  m a te r ia l ,  and d r ie d . B o o z y e to llisn tio n  from e thano l 
(ch a rco a l)  y ie ld e d  th e  d ioh lo ropyrim id ine ac o o lo u r le s s  noodles 
(21  g . |  63%), ffl.p. 220 -  221® ( l i t . , 129 221® ) .
2 -  Amino *> 4 oh lo ro  -  6 -  hydrosgypyrimidlne*
2 -  Amino -  4*8 -  d ich lo ropy r im id ine  ( l5 g . )  was heated
under r e f lu x  f o r  6 h r .  in  H -  sodium l^ d ro s id o  o o lu tio n  ( 1$0 co .)
The so lu t io n  w&s f i l t e r e d  h o t , coo led  and a c id i f ie d  w ith  g la c ia l  
a o e t io  aoido The p r o c ip i ta to  was c o lle c te d  and d r ie d  in  a i r  a t  
110° .  Cxy s t a l l  i  e a t  ion from aqueous e thano l y io ld e d  tho  
pyrim id ino  a s  w h ite  n eed les  ( 10 .3  g . |  89$), m .p. 260 -  262°  
( l i t . , 1  261® ) .
2 -  im ino ~ U ~ oh lo ro  -  6 -  hydroxy -  5 -  n i t ro ro r r ln id ln e .
2- Amino -  4 -  ohlo ro  -  6 -  hyd rorypyrim idino ($ g .)  wae 
d isso lv ed  in  co n cen tra ted  su lp h u r ic  a c id  ( 6oc*) a t  ^  43°  end 
fuming n i t r i c  a c id  (d , 1*5; 5*3 oo*) was c a u t io u s ly  added w ith  
s t i r r i n g  and co o l in g  in  an ic e  bath* A fte r  min* tho  m ix tu ro  
was poured on to  io o  (oa* 20g* ) w ith  ra p id  manual s t i r r in g *  The 
p r e c ip i t a te d  p roduc t was c o l le c te d ,  washed q u ick ly  w ith  ico^oo ld  
w a te r  ( 2 x  20oo . ) ,  w ith  e th an o l ( 20c c .)  and f i n a l l y  w ith  o th e r .  
Tho ro B u ltin g  yellow  powder, 2 % amino -  4  — .ohlq rq  -  6 -
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hydroxy -  5 -  n i t r o p y r im ld ^ e  (4* 5g»)) m.p* ^  360°, was 
s to re d  under vaouum over phosphorus pentoxlde* (Found s 
0 ,23*25; E ,2*3; N,26*5* Calo* fo r  H^O 0 ,23*0;
H, 2*4; H, 26c85$)*
2 Aadno — 6 hydroxy 4 ”  (2® -  hyd roayatby laa ino) « 5 
n ltro p y r lm ld in e *
2 — Amino — 4 -0  ohloro -» 6 — hydroxy — 5 n itro p y r im id in e  
(9»25g«) was suspended in  e th an o l (4OO 00*) and r e d i s t i l l e d  
ethanolam ine ( 600») in  e thano l (lOOoo*) was added* The m ix tu re 
wae re f lu x ed  w ith  s t i r r i n g  f o r  20 min* On co o lin g , th e  crude 
p roduc t wae f i l t e r e d  and washed w ith  ethanol and ether*  
O iy s ta l l is a t io n  from w ater (2000 00*) (w ith  oharco a l) y ie ld e d  
w h ite  lu s t ro u s  p la te s  o f  2 -  amino -  6 -  hydroxy -  4 -  ( 2 ° -  
hydroxyethylam ino) -  5 -  n itro p y r im id in e  (8 .4  g*; 80$ ) ,  m*p* 
296 -  297®. (Pound I 0, 3) .2 ;  H ,4 .0 ; 11,32.). 0^ re q u ire*
0 , 33. 5; H ,4 .2 j K ,)2 . 6$ ) .
2 .9  -  Di amino — 6 -  hydroxy -  4 — (2® — hydroxyethylam ino) — 
pyrim id ine liydroohloride*
2 -  Amino ® 6 -  hydroxy -  4 -  ( 2 ® -  hydroxyethylam ino) -  
5 *• n itro p y r im id in e  (7»67g«) was suspw ided in  w ate r ( 1OO 00. )  
and 2H -  sodium hydrox ide was added dropw iso u n t i l  th e  s o l id  
d isso lved*  The so lu t io n  was hydrogenated over Raney n ic k e l 
u n t i l  th e  up take o f  hydrogen was com plete and th e  m ix tu re  was 
th en  f i l t e r e d  in to  a so lu t io n  o f  co n cen tra ted  h y d ro ch lo r ic  a c id
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G O . )  in  w ater ( 3O 0 0 . ) .  Tho f i l t r a t®  w a c  isaned ia tc ly  
oonoontratod  undo? vaouum to  oa . 20oo. when whit® cxyo talo  
Qoparatod . H eczy sta llie& tio n  by ra p id  d ie o o lu tio n  in  methanol 
and ro A rlg o ra tio n  y ie ld e d  w hito  o ry o ta lo  o f  tho  d i aminop y r is i  d ine 
hyd roch lo r ide  (7g*5 89$), m .p. 217 ~ 220°. T h is  p roduc t ohould 
be used noon a f t e r  i t s  p re p a ra t io n  ao i t  tu rn s  p in k  (probably  
due to  o x id a t iv e  s e l f - condensât ion) on s tan d in g . I t  m&̂  be 
s to re d  over phosphorus pontox ido in  vacuo f o r  a few days .
(Pound 8 0, 32.655 Hp5»Tf H, 31.2} C l, 1 6 .5» 
r e q u ir e 0 0, 32*5; H,5»4; H ,31*6}01, 16 . 0$ ) .
2 ,8  * Dihydro ~ 4 -  hydroxy -  8 -  (2® hvd roxyethyl) -  2 -  
in in o  -  6 ,7 .~  d ia e th y lp to r id in e  B rdrooh lo ride .
2 ,5  -  D iaaino «• 6 ■» hydroxy -  4 -  (2® -  hydroxyethylam ino) -  
py rim id ine h y d roch lo ride  (2 .6 g .)  was suspended in  methanol (lOOoc.) 
and a o o lu tio n  o f  d ia o e ty l ( 2 .6  co .)  in  methanol (20 00. )  was 
added . The m ix tu re  wae re f lu x e d  f o r  3^ m in. and a f t e r  co o lin g  
was f i l t e r e d  to  g ive  yellow  o iye ta l®  o f  th e  p te r id in e  hydroohlorido  
which were r e o r y e ta l l is e d  from 2H -  h y d ro ch lo r ic  a c id . (Y ie ld ,
2*4g*; 75$), ®*P* 285 -  288°  ( d e c .) .  (Pound % 0,44*7; H ,5.4;
H ,26 . 2|  01, 13 . 0 . O^qH^^jO^.HCI re q u ire s  0, 44*2 ; 3 ,5 .2}  1 , 25. 8} 
01 , 13 . 0$ ) .
2 "* Amino ~ 7 ,8  -  dihydro 4 -  hydroxy « 8 -  (2® -  hydroxy e th y l)  -  
6 -* methyl 7 -  o x o p te r id in o .
(a) 2 ,5  •" Diandno -  6 -• hydroxy -  4 -  (2® — hydrosyetl^lem iino)*
pyrim id ine hy d ro ch lo r id e  (2 .2 g .)  was d isso lv ed  in  w ater (4O00.  ) and
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py ruvio  ac id  ( 100$ | lco«) waa added* Tho o o lu tio n  wao ro flu x ed  
f o r  50 sniao, cooled and f i l t e r e d  g iv in g  lu s t ro u s  yellow  o ry s ta is*  
R ooryetallig sation  from w ater (^a . 4OO o c . /g .)  w ith  a l i t t l e  
oharcoal y ie ld e d  tho  p t e r id lp o  ao p a ls  y a llo #  nood les (l*5g*)p 
m.po 335 ”  34^^ (dooo)o (Found 8 0,45*95 H*4o95 HggD.O.
S^1^5^3 r©quir©e 0*45.6; H,4.65; 3,29*5$)*
(b) 2 ,5  Di amino -= 6 -  hydroxy 4 -  (2® «» by drozy othylamlno )-
pyrim id ino  hydroch lorido  (4. 4g .)  was d isso lv ed  in  w ater ( 5 )00. ) and 
o th y l pyruvst© ( 300. )  in  m ethanol (lO oo.) wats added* The so lu tio n  
was hea ted  w ith  s t i r r i n g  under r e f lu x  fo r  2 h r . B o fr ig o ra tio n  
y io ld e d  lu s t ro u s  yellow  o iya tal®  (3* ) which wore id o n t io a l
w ith  th o se  o b ta in ed  from
2 -  Amino « 6 -  hydroxy 4 methy l  amino « 5 -  n i t ro y y r5-.aidinoc 
2 -  Amino «° 4 -= ohlo ro  « 6 ■" hydroxy «* 5 *" n itropyrim id in©  
( 3*8lgo ) was suspended in  e thano l ( 15O000) and t r e a te d  w ith  an 
a lo o h o lio  so lu t io n  o f  methylEtmino (35$ w /v; 50G ,). Tho m ixture 
was ro fluxod  f o r  I 5 m in ., cooled and f i l t e r e d ,  tho  re s id u e  being  
th en  washed w ith  e thano l and o th e r  to  give a yellow  powder. T his 
crude produot was p u r i f ie d  by suspension in  ho t w a te r, dropwie© 
a d d itio n  o f  4K sodium hydroxide u n t i l  complote so lu tio n  was 
o b ta in ed  and a c id i f ic a t io n  o f  tho  hot so lu tio n  w ith  g la c ia l  a o s t ic  
aoido Oa co o lin g , th e  ^ t r p ^ r i m i d  se p a ra ted  a s  w hite noedloo 
( 3o2g .)  which were d r ie d  w ith  e thano l and o th e r . M.p. %> 360° .  
(Found % C*32.75 H*4* l; 3,37.95® re q u ire s  0 ,3 2 .4 ; H93. 8J
Hg37*8$)o
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2 ,5  ™ Diendno 6 « hydroxy «=■ 4 ”  m ethylom inopyriiaidine 
E ydroohloride .
2 -  Amino -» 6 «=> hydroxy « 4 -  mothylesnino -=. 5 «  n itro p y r im id in e  
(4*38^0) waa ouspondod in  w ate r (29O0C*) and 23 « aodium iiydroxide 
wae added dropw iae u n t i l  th e  s o l id  j u s t  d issolved» The so lu t io n  
wae hydrogenated over Haney n io k e l and , when th e  up take o f  hydrogon 
wae com plote, i t  was f i l t e r e d  in to  a  s o lu t io n  o f  co n cen tra ted  
h y d ro ch lo r ic  a c id  ( 250c .)  in  w ater (2500» ) . T h is ao id io  so lu t io n  
was im m ediately co n cen tra ted  in  vacuo u n t i l  tho  p ro d u c t began to  
s e p a ra te ,  com plete p r e c ip i ta t io n  be ing  accompli shed by a d d itio n  o f  
m ethanol (20cc«) and e th e r  (lO cc»). The crude p roduo t wae 
r o o ry e ta l l is e d  from aqueous methanol (98$) to  g ive tho  hydroch lo ride  
as w h ite  c r y s ta l s  (4ff*)»a*Po 2J6° (d o o .) , j ^ l i t . , ^ ^ ^  237 -» 238°(doc»)^.
(Fbund t 0 ,31»55; H,5»05j N, 56.25 01, 18»8 . O slo , f o r  O^H^H^O.EOl 
0 ,31o3; H ,5 .2 ; 3 , 36. 650 1 ,18»5$ ) .
2 ,8  -  Di hydro -  4 -  hydroxy -  2 -  imino « 6 ,7 ,8  -  t r im e th y lp te r id in e  
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Hydrochlorideo
2 ,5  -  Diamine ® 6 -» hydroxy «» 4  -  mothylam inopyrimidisio hydro •  
o h lo r id e  (4® 38* ) suepended in  methanol (IOO00. )  and a so lu t io n  o f  
d ia o e ty l (2» 500») in  methanol (2500. )  was added» The mixrbure was h ea ted  
under r e f lu x  on a  steam b a th  w ith  s t i r r i n g  fo r  4O m in», f i l t e r e d  hot 
and th e  f i l t r a t e  was allow ed to  co o l . On r é f r ig é r a t io n  o f  tho  
s o lu t io n  yellow  n eed le s  sep ara ted . B e o ry o ta ll isa t io n  from 2N -
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h y d ro ch lo r io  a c id  y ie ld o d  yellow  neodlea (3*5s«) which docoKposed
w ithou t s a l t i n g  a t  260 -  26)® j ^ l i t . / ^ ®  2 ) )  = 260° (d o o .)J  •
The produot wao id e n t ic a l  in  u l t r a v io le t  opeo trus w ith  th a t  o f
110Brown and Jaoohsen.
R eaction  o f  2 ,8  -  Dlhydro 4 hydroxy = 8 = (2® ■=> hydrosyotbyl) -  
2 -  im ^ o  -  6 ,7  « d ia e th y lp to r id in e  w ith  fiirruvat®.
(a) The hydroohlorido  o f  th e  2 -  iiaino 6 ,7  •" d ia o th y l -  
p te r id in e  (lOChago) wae t r e a te d  w ith  0 .13  '=* sodium hydrosido  so lu tio n  
(20coo) and sodium pyruvate  (lOOmg.)* The pH waa a d ju s te d  to  12 
and th e  m ix tu re wao ro flu x ed  in  th e  dark  undor n itro g e n  f o r  7 h r . 
Brown o ry s ta le  d ep o s ited  on r e f r ig e r a t io n  o f  th o  re a c t io n  m ix tu re . 
R o o ry f lto ll ie a tic n  from w ater (w ith  a  l i t t l e  ch a rco a l) gave p a le  
yellow  necd lee  ( 32mg. ) o f  2 -  amino 7 ,8  -  dihydro « 4 -  hydroxy ->
8 « (2® -> hyd rozyethy l) -* 6 -  methyl -  7 o sop to rid ine»  The 
produc t wae id e n t ic a l  in  i t o  p h y s ic a l p ro p e r t ie d  w ith  an au th e n tic  
sample which wao p rep ared  as dosorihod p rev io u s ly .
(b) The above re a c t io n  a lso  took p lace  in  th e  absence o f 
py ruva te  bu t in  t h i s  case  th e  p resence o f  oxygen end a  longer 
r e f lu z in g  p e r io d  were necessary .
(c ) Tho re a c t io n  d escr ib ed  in  (a) waa rep ea ted  bu t a t  pH 7 .3  
u s in g  Q phosphato b u f fe r  in  p lace  o f  th e  oodium hyd rox ide so lu t io n .
A ro f lu z in g  p e r io d  o f  I 8 h r .  was req u ired  and th e  y i e ld  (22mg.) o f  
th e  6 — m ethyl — 7 o x o p te rid in o  d e r iv a t iv e  was eomowhat reduced. 
Paper chromatography o f  th e  m other l iq u o r  in d ic a te d  th o  form ation
97
o f  oomo 2 ,10  -  dihydro -» 4 « hydrozy « 10 -  ( 2 ° -  h y d ro sy o tiy l)  «
2 -  imino -* 7 ,8  dimothylbonso j^gj p to r id in o  id e n t i f i e d  by i t s  
Rf v a lu e s  (6 so lv en t gyetem s).
2p1Q -  Dihydro «° 4 hydrozy * 10 -  (2 ® « hyd rozyett^ l ) 2 «■ imino
(a) 2 -  Amino -  6 -  hydros^ -  4 « (2® « hyd roayati^ lam ino)
5 •  n itro p y r im id in e  (^OOmgo) was d isso lv ed  in  a m iz tu ro  o f  w ater 
(lO oo .) and 2N ® sodium hydrox ide so lu t io n  ( 50c . ) .  The n i t r o  «> 
pyrim id ine was reduced by sodium d i th io n i te  in  th e  u su a l way, 
taken  to  pH 4  by a d d i t io n  o f  23 -» hy d ro ch lo r ic  a c id  and t r e a te d  
w ith  d ia o e ty l dimer (^OOmg. ) in  w ater (5co .)«  H ea ting a t  90° f o r  
13 m in. gave an orange so lu t io n ,  th o  pH o f  which was ad ju s ted  to  1 
w ith  conoen tra ted  h yd roch lo r io  ac id  and tho so lu t io n  was re f lu x ed  
in  th e  deok fo r  y) m in. S o lid  sodium b ica rb o n a te  wae c a re fu lly  
added to  g ive pH 7 and th e  m ix tu re waa cooled in  th e  r e f r ig e r a to r .
A yellow-brown s o l id  (145 mg.) r e s u l te d  which was shown by paper 
chromatography to  be a m ix tu re  co n ta in in g  2 componentc. These woro 
se p a ra ted  by la rg o  sc a le  paper chromatography j^solvont 8yot«n ( a ) J  
on Whatman No. 17 p ap e rs . The yellow  f lu o re sc in g  band was o lu tod  
w ith  O.IN » h y d roch lo r io  a c id  and n e u t r a l is e d  w ith  sodium b ica rb o n ate  
g iv in g  th e  2 -  imino -= 7 ,8  -  dimethylbenzo ̂ p t e r i d i n e  d e r iv a t iv e  
( 25mg.)p m.p. ^  320° ,  id e n t i f i e d  by i t s  u l t r a v i o l e t  spectrum .
(Pound i 0, 58. 6 ; H ,5*4; N, 24 .9 . re q u ire s  0 ,58 .95 ; H,5. 3;
N ,24o6$).
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(b) 2 -= Imino « r ib o f la v in  (lOOsng.) was t ro a to d  w ith  &
s o lu t io n  o f  sodium m e taporioda to  (idOmg.) in  w ate r ( 3O0C0) and 
s t i r r e d  in  tho  dark  o v e m i ^ t .  The r e s u l t in g  red d io h  brown s o l id  
was c o lle o te d  and washed w ith  w ate r , w ith  a l i t t l e  methanol and 
w ith  o th e r .  The s o l id  (70mg. ) was t r e a te d  w ith  a so lu t io n  o f 
sodium bo rohydride ( jOmg. ) in  w ater (jOoo. ) and s t i r r e d  fo r  3O m in. 
The m iz tu ro , on s ta n d in g  overn ig h t a t  room tesaporatu re , d epo s ited  
a red d ish  brown s o l id  whioh was d isso lv e d  in  O.IH «=> hyd rooh lo rio  
ao id  ( lO o O o ),trea ted  w ith  oharcoal and f i l t e r e d  h o t .  The f i l t r a t e  
was c a re fu l ly  a d ju s te d  to  pH 7 by ad d i tio n  o f  o o lid  sodium 
b io a rb o n a to  and r e f r ig e r a te d  to  g ive yellow-brown o z y s ta ls  (56 mg.; 
83$ ) . The produo t was id e n t ic a l  w ith  th a t  o b ta in ed  in  (a) in  a l l  
re sp e o te .
(o) A so lu t io n  o f  2 ,8  « dihydro -  4 -  hydrozy -  8 « ( 2 ® -  
hydrozy e th y l ) -> 2 •  imino -  6 ,7  •*’ d im e t l^ lp te r id in o  l^ d ro c h lo r id e  
( i g . )  in  phosphate b u ffe r  (25cc . ) ,  pH 7» 3» ro  flu x ed  in  th e
dark  in  an atmosphere o f  oxygon -  f re o  n i t  10gen f o r  24 h r .
At in te r v a ls  o f  6 hr® any s o l id  p roduc t which had formed was 
removed by f i l t r a t i o n  in  a hood under n itro g e n .  The r e s u l t in g  
brown cry  s t a l e  wero combined and r e o ry e ta l l is o d  by d is s o lv in g  in
0 .53  -  h y d ro ch lo r ic  ao id  ( i j c o . ) ,  t r e a t in g  w ith  ch a rc o a l , and 
add ing sodium b ica rb o n a te  to  th e  ho t f i l t r a t e  u n t i l  th e  pH was 
in c re a se d  to  7* The produc t (260mg.; 49$) could n o t be ob ta ined  
in  a com pletely  pu re s t a t e ,  samples always o o n ta in in g  some
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décom position produo t a . Tho p u r i f io s t i c n  waa f u r th e r  hosoporod hy 
th o  i n s t a b i l i t y  o f  th e  produo t whioh was id a n t ic e l  in  Bf (6 so lv en t 
system s) w ith  tho  eomploe o b ta in ed  in  (a) and (b) above .
PAHT II .
PTBBIDINB -=■ 8 -  OLTCOSIDES.
too
THEORETICAL.
Host o f th e  n a tu r a l ly  o cc u rr in g  p te r id in o e  so f a r  is o la te d  have 
th e  2 amino -  4 hyd roxyp terid inc nucleus and w ith  t h i s  in  m ind, 
methods were sough t whereby 2 = aadno -  4 -  hyd roxyptorid ino  « 8 <=> 
g ly co s id e s  m ight he synthesisedo These p te r id in e  8 » g ly co s id es  
a re  analogous to  th e  n u c leo s id e s  in  th e  p u r in e  s e r i e s  and m i ^ t  
th e re fo re  p lay  an im po rtan t ro le  in  b io lo g ic a l mechanicsas.
The s y n th e t ic  d i f f i c u l t i e s  encountered in  t h i s  p a r t  o f th e  work 
have proved to  be form idable bu t n e v e rth e le ss  In tG re e tin g . The two 
main avenues o f approach which were cons idered  to  be worthy o f 
in v e s t ig a t io n  were ( i )  d i r e c t  a lk y la t io n  o f  th e  p te r id in e  nucleu s , and 
( i l )  sy n th e s is  from 4?5 “  d iam inopyrim idino p re c u rso rs .
1 . D lreo t A lk y la tio n .
The methods which a re  a v a i la b le  fo r  th e  sy n th e s is  o f  8 » a lk y l =
p te r id in e s  by d i r e c t  sd k y la tio n  o f th e  p te r id in e  have been rev iewed
in  th e  H is to r ic a l  S ectio n . The su cce ssfu l tra n sa n n u la r  m éthy la tion  o f
1102 -  amino » 4 » hydroxyptorid ino by Brown and J  acobsen in d ic a te d
th a t  p te r id in e  -  8 « g ly co s id es  could perhaps be formed by condensation 
o f  a p te r id in e  o f  th e  type (11?) w ith  a halo  sugar such as (IIC 5 Bs * 
COC^Hg). T h is re a c t io n ,  however, was found to  be h indered  by th e  
in s o lu b i l i t y  o f  th e  p te r id in e  ( 1 1 7 |  R * Mo o r  R * H ) in  o rgan ic  
so lv e n ts .
A suspension o f th e  p te r id in e  ( l17 I R « Me o r  R ■ H) in  H,F = 
dim e thyl fozmami de o r  in  to lu en e  was t r e a te d  w ith  th e  halo  sugar ( l i d  5
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Bs " COC^H  ̂ ) a t  V arious tem poratu roo undor n e u t r a l  co n d itio n s  and 
a lso  in  th e  p resence  o f sodium h ioa rb o n a te  o r  a o o t ic  ao id . In  a l l  o f  
th e se  oases th e  p te r id in e  d e r iv a t iv e  waa recovered  unchanged. S trong  
b ases  in  which th e  p te r id in e  i s  so lu b le  could n o t bo used  as so lv en t 
89 halosm gars a re  converted  in to  1^2 «=> ^yooseenQ  under those
co n d i tio n s . Furthermore* -= and -  s u b s t i tu t io n  a re  more l ik e ly  
to  ta k e  p laoe  in  a lk a l in e  so lu t io n .
O OR
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2 « Amino hydroxyp torid ino  ( l 1 7 | â « H )  was t r e a te d  w ith
D » r ib o se  in  th e  p resence  o f  polyphosphoric e s t e r  a f t e r  th e  manner o f
132Schramm ^  a l . , ^  who is o la te d  adenosine from re a c t io n  o f  aden ine w ith  
D r ib o se  and polyphosphoric  es te r*  bu t once more in s o lu b i l i t y  o f  th e  
s t a r t in g  m a te r ia l was a h indrance . In  o rd e r  to  overccme t h i s  s o lu b i l i ty  
problem , 2 -  amino «  4 -  h y d roxyp ter id ine  (117 5 R -  H ) was aco ty la tedp  
th e  2 — ac e ty lam in o p te r id ln e  was d isso lv e d  in  — dimethylfoimamide 
and th e  h a lo su g a r ( l i d  ; Bs » COC^H )̂ was added . "The re a c t io n  was 
c a r r ie d  ou t a t  37^ and a lso  a t  h ig h e r  tem p era tu res  bu t th e  p te r id in e  
d e r iv a t iv e  was recovered  unchanged and prolonged r a f lu z ln g  le d  only to  
th e  decom position o f  th e  r ib o se  d e r iv a t iv e .
The bonay lo x y p ter id in e  (119 ? R « CHgC^H^) o f  P f le id e r e r  and
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1Lohrmann, which i s  co lublo  in  ho t iqfl̂ no was gynthos isod and 
oondensation w ith  th e  halo  sugar ( l l 8  |  Bs » COC^H )̂ was attem pt @dp bu t
t h i s  a lso  ended in  fa i lu ro t
2 . g y n th s tio  Approaoh.
The obv ious method o f  oQm thesising 8 -  s u b s t i tu te d  p te r id in e s  i a  
to  condense a  5 «= amino « 4 s u b s t i tu te d  -  am lnopyrim ldine (oog . 110) 
w ith  a  1 ;2  -  d i carbonyl oompound such a s  d ia o e ty l o r  ^ y o z a l  and some 
s tu d io s  u s in g  model oompounda were th e re fo re  c a r r ie d  o u t .
The compounds (l1 0  ; R » Me o r  R » CHgCHgOH) were is o la te d  ao 
t h e i r  bydrooh lorideo , as d esc r ib ed  in  P a rt I ,  and re a c te d  w ith  g ly o sa l 
and w ith  d ia o e ty l to  g ive th e  ap p ro p r ia te  p te r id in o e  (120 ; R -  Me o r  
R ■* CHgCHgOH I R̂  * E o r  R* ■ Me). These re a c t io n s  took  p laoe re a d i ly  




















A lb e rt and M ateu u ra^^  G y n t h e e l o a d  2 -  bydrosy -  7 ,8  -  dibyd ro  «» 
p te r id in e  ( l  23} X * 0 H f Y » E » H ) b y  bydro lyc ing  th o  a o e ta l (l21 }
X -  OH I Y « B -  H) to  th e  aldehyde (l2 2  } X " OH |  Y •  H « H). Oh 
o a t a ly t i c  hyd rogenation c y c l is a t io n  to  th e  7?8 -  d ib y d ro p to r id in o  
r e a d i ly  took  place» T h is o ffe re d  an a l te r n a t iv e  ro u te  to  th e  model 
p te r id in e s  o f  type  (120). The a o e ta l (121 |  X » } Y "  OH |  R « Me)
wae e a s i ly  eyn theslaed  by re a c t in g  th e  d ie th y l a o e ta l  o f  metbylam ino -  
aoe taldebydo w ith  th e  k -  ohlo ro  -  g n itro p y r im id in e  ( 108) bu t ao id  
h y d ro ly s is  to  th e  correspond ing  aldehyde (122 } X •  HĤ  |  Y » OH }
R " Me) proved troublesome» A m ix tu re  o f  two unknown pyrim id ines , 
n e i th e r  o f  which analysed  fo r  th e  aldehyde , was obta ined* T h is 
d i f f i o u l t y  was overcome by f i r s t  reducing  th e  n i t r o  group w ith  an 
aqueous so lu t io n  o f  sodium bo rohydride co n ta in in g  a tr a c e  o f  
p a l la d is e d  = ch arco a l acoord ing to  th e  method o f  H e ll son , Wood and 
W ylie. H ea ting a t  80° fo r  2 h r .  in  d i lu t e  m inera l ao id  th«x
hydro lysed  th e  a o e ta l  and y ie ld e d  th e  p te r id in e  (120 } R > Me |  R° «■ B) 
which was formed due to  th e  f a c i l e  o k id a tio n  o f  th e  7»0 •  d ihydro « 
p te r id in e  (123 |  X » HHg |  Y •  OH |  R -  Me).
P te r id in e s  o f  th e  ty p e  (l2 0  } R « a lk y l } R* * B) underwent ra p id  
o x id a tio n  in  a lk a l in e  so lu t io n  to  th e  correspond ing  7 oxoptexddino 
( 124)0 T h is o x id a tio n  took p laoe  much more r e a d i ly  than  th a t  o f  th e
6 ,7  d im e th y lp te r id in e s  (l20  } R "  a lk y l } R* * Me) idiioh i s  d esc r ib ed  
in  P a r t  I .  Having no methyl group in  p o s i t io n  7» th e  p te r id in e s  (120 ; 
R » a lk y l } R* * B) a re  more re a d i ly  hyd ra ted  to  g iv e  th e  in te rm ed ia te
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(125 ; H •  a lk jrl) whioh i s  then o a s lly  dehjrdrogonatod to  tho   ̂ = oxo 
p to r id in o  (124 ; H » a lk y l) .
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Having in v o o tig a to d  tho  eyntheo io  and ro a o tio n a  o f those  model 
8 -  s u b s t i tu te d  p te r id in o e»  th e  way appeared c le a r  f o r  th e  sy n th e s is  
o f  p te r id in e  -  8 ** g ly co s id es  by s im ila r  p ro ced u res . The i n i t i a l  
problem la y  in  th e  sy n th e s is  o f  a s u i ta b le  dlam inopyrim idine g ly co s id e  
(o.go 110 ; R "  g ly o o ey l).
When 2»3»4»6 «> te traao o ty lg lu o o sy lam in e  (126) , whioh i s  a weaker 
base than  th e  model alkylam ines used  above, was re f lu x o d  in  dry e thano l 
w ith  th e  n i t r o  => ch lo ropyrlm id ina (IO8), th e  expected  condensation d id  
not ta k e  p la ce  and th e  main suga r -  co n ta in in g  produo t is o la te d  was 
V,H - 0^ -  d i  -  (D -  g luooayl ) -  amine o c ta a c e ta te .  T h is was preinuBably 
formed by condensation o f  two m olecules o f  th e  gluoosylam ine d e r iv a t iv e  
w ith  e lim in a tio n  o f  acmonia»
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Hombold^^ re p o rte d  th e  ey n th esla  o f  th e  r ih o a ld e  (l27 ) which he 
o b ta in ed  from th e  d i r e c t  condensation o f 2 ,4  = diamino « 6 » hydrozy — 
pyrim id ine (l2 8 ) w ith  D -  r ib o se  in  presence o f  ammonium c h lo r id e . Hie 
a ttem p ts  to  n i t r o s a te  t h i s  r ib o s id e  (12?) wore uneuccosoful duo to  
h y d ro ly s is  o f  th o  g ly c o s id io  l in k .  I t  seemed l ik e ly  th a t  Bcmbold^s 
r ib o s id e  (12?) could  be converted  to  the  d iam inopyrim idino r ib o s id e  
(110 s B *  D »  r ib o a y l)  by coup ling  w ith  a s u i t a b le  diazonium s a l t  
under n e u t r a l  c o n d i tio n s , thereby  p ro te c t in g  th e  g ly c o s id ic  l in k ,  
fo llow ed by red u c tio n  o f  th e  r e s u l t in g  aso compound (129).
The r ib o s id e  (127) was sy n th e s ised  and i t s  p ro p e r t ie s  were 
in v e s t ig a te d .  M ild a c id  h y d ro ly s is  by O.IH ~ h y d ro ch lo r io  ao id  y ie ld e d
2 ,4  -  diamino « 6 -  bydrosypyrim idino (l2 8 ) and D -  r ib o se  whioh wero 
d e te c te d  by paper chromât ography . The r ib o s id e  gave a p o s i t iv e  Hi echo 
and Schwarz t e s t  f o r  p en toses and in  a d d i tio n , p ap e r chromatography 
showed, in  u l t r a v i o l e t  l i ^ t ,  a  s in g le  ab so rp tio n  spo t whioh gave a 
p o s i t iv e  re a c t io n  f o r  suga r u s in g  th e  p e r io d a te  -  S o h iff°s  reag en t 
techn ique  o f  B addiley e t  The elem entary a n a ly s is  was in
agreem ent w ith  s t ru c tu r e  (127) ass igned  by H em bold .^^ However, on 
co u p lin g  w ith  p -  n itro b en sen e  diazonium o h lo r id e  o r  w ith  2 ,4  ** d i ohlo ro
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boneene diazonium o h lo r id e , tho  r ib o o id o  l in k  wag oloavad and th e
2 ,4  "= diasn inopyrim idino ( l ^  |  R » H) was o b ta in ed  in  each oaso . Those 
r e a c t io n s  were o a r r ie d  ou t under bo th  n e u t r a l  and a lk a l in e  c o n d i tio n s , 
th e  diazonium so lu t io n  be ing  n e u t r a l is e d  j u s t  b e fo re  a d d i tio n  o f  th e  
r ib o s id e .  Coupling w ith  p » oarbosy bon zone d iazonium  c h lo r id e  in
116g la c i a l  a c e t i c  ao id , as  suggested  by Eosaaerich, su ffe re d  a  s im ila r  
f a t e .  The reason  f o r  t h i s  f a c i l e  h y d ro ly s is  which i s  more ty p ic a l  o f  
an 0 -  g lyooeido th an  an E -  ^ y c o s id o , i s  in e x p l ic a b le . The only  
a l te r n a t i v e  p o s s i b i l i t i e s  a re  th a t  th e  suga r i s  a tta c h e d  to  a r in g  
n i tro g e n  atom o r  to  th e  carbon atom a t  p o s i t io n  5 . Such g ly co s id e s , 
however, would only be hydro lysed  w ith  d i f f i c u l t y .   ̂̂
The u l t r a v i o l e t  ab so rp tio n  sp e c tra  o f  Hembold^s r ib o s id e  were 
compared (P ig . 3) w ith  th o se  o f  th e  4  -  =' hydroxyethylam ino) -
py rim id ine (IJO $ R » CHgCHgOH) and th e  6 •  a lkozypyrlm id ine ( 13I I 




The sp e c tra  o f  th e  r ib o s id e  266,276 and 2 6 8 at  pH 1 ,7*4
and 13 re s p e c t iv e ly )  a re  s im ila r  to  those  o f  th e  hydroxyethylam ino -  
py rim id ino  ( I 3O ; R -  CHgCHgOH), (X ^^^267, 268 and 265tn /i a t  pH 1 , 7*4 
and 13 r e s p e c tiv e ly )  except f o r  th e  d iscrepancy  o f  dwyu. a t  pH 7*4*
On th o  o th e r  hand, th e  u l t r a v i o l e t  s e c t r a  o f  th e  alkozypyrlm idine (13I |
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E » M© o r  R » (^p^^^ 276 end 266 mjuL a t  pH 1 and pH 7*4
rocspootlvoly) a re  a lso  g im lla r  to  th o se  o f  th e  r ib o s id e  a t  pH 7»4 and 
pH 13 re ep o o tiv o ly . The r ib o o id o  io  e a o ily  hyd ro lysed  by O.IH »  hydro <= 
c h lo r ic  ao id  even a t  room tem peratu re  end i t  i s  p o ae ib lo  th a t  i t  io  th e  
o pec tru a  o f  tho  c a tio n  o f  th e  di&minopyrlxnidine ( 13D; R « E) which i s  
b e in g  recorded  a t  pH 1 ( rep re se n te d  by th e  266 cyu. p eak ), md n o t th a t  
o f  th e  r ib o s id eo  The o th e r  two peaks quo ted  above f o r  tho  r ib o s id e  
( i . e .  a t  276 and 268 could  be ass igned  to  th e  ca tio n  and n e u t r a l  
m olecule r e s p e c t iv e ly , th e reb y  ag ree in g  w ith  s t r u c tu r e  ( 131) .  
D etexm ination o f  pK^ v a lu es  was com plica ted by th e  f a c i l e  h y d ro ly s is  
o f  th e  r ib o s id e .
Tho '^basio** pK (4*7%) o f  th e  r ib o s id e  (coo Appendix, Table I )
was found to  l i e  between th o se  o f  th e  6 -  hydroaypyrim i d ines (130 |
R » H) (pK^^ 3o33) ®nd ( 13D j  R -  CHgCHgOH) (pK^,2o96) on th e  one
hand and th o se  o f  th e  aUoozypyrimidines ( 13I ;  R •> Me) (pK 5. 25) enda*
(131 ; R « Cl^C^Hg) (pK^^5*2l) on th e  o th e r .
The **aoidio** pK (10.73) o f  th e  r ib o s id e  was s im ila r  to  th o se  o f
th e  6 -  hyd rosypyrim idinos ( 13O ; R « H o r  R -  CH^CH^OH) w hile th e
alko i^ypyrim idines ( 13I ; R * Me o r  R » CHgC^H^) have , o f  cou rse , no
**acidic** pK .  The r ib o s id e  i e  no t hydrolysed a t  room tem peratu re  by a
0 .1  H «  sodium hyd rox ide in d ic a t in g  th a t  th e  *'aoidio** pK v alue  o f  10.73  
i s  in  f a c t  th a t  o f  th e  r ib o s id e  and n o t th a t  o f  th e  d iam inopyrim idino
(130 ; a  .  H).
The in f ra re d  evldenoe l e  smhlgaoue. Thue, in  th e  5OOO cm ." 
reg io n  th e  o v erlap p in g  o f  th e  frequency ranges o f  th e  OH and HH
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ab so rp tio n s  in tro d u o ee  d i f f io u l t io s y  w h i ls t in  th e  1600 reg io n
ab so rp tio n  can a r i s e  from HH deform ations , carbonyl v ib r a t io n s  and 
v ib r a t io n s  o f  r in g  double bonds.
The above ev idence i a  in co n c lu s iv e  bu t seems to  favou r an H » 
g ly c o s id e , which i s  vexy e a s i ly  hyd ro lysed  in  a c id  b u t n o t so r e a d i ly  
in  a l k a l i .  The f a i l u r e  to  i s o l a t e  th e  coupled r ib o s id e  in  n e u t r a l  o r  
a lk a l in e  co n d i tio n s  may be due to  th e  f a c i l e  h y d ro ly s is  o f  th e  coupled 
r ib o s id e  under th e s e  co n d itio n c .
A ttem pts to  condense D -  r ib o se  w ith  o th e r  p y r im id in es ( 13I }
R * CH^C^H^) and ( 132) were unsuoceoaful ; in  th e  l a t t e r  case t h i s  




(131) O n )
NH^
A f re s h  approach to  th e  problem was then  made. I t  was observed 
th a t  se v e ra l w orkers ^39"" 144 re p o rte d  th e  cleavage o f  H -  H 
bonde by h e a t in g  w ith  an excess o f  Raney n id c e l .  I t  was dec ided  to  
in v e s t ig a te  th e  p o s s i b i l i t y  o f  N « H bond cleavage o f  azapu rine 
g ly c o s id e s  by t h i s  method to  p rov ide  th o  re q u ire d  4 ,5  — diam inopyrim idino 
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I n i t i a l ly »  &0 a modal z^ao tlon» 8 agaguan ine (l3 3 ) wao ro flu ^ e d  
f o r  9 hpe In  aqueous ammonia In  presenoe o f  an exooso o f  Hanoy n ic k e l 
and» a f t e r  removal o f  th e  n lo k e l ,  trea tm en t w ith  d ia o e ty l y ie ld e d  2 -  
amino -  4 -  hydroxy -» 6»? -  d lm e th y lp te r id in e  (117 9 R •  Me) in  almoet 
20ji y ie ld .  T h is seemed encou rag ing . 8 = Aza -  9 (2* « hydrozy e th y l)  -
guan ine (133 I R "  CH^CĤ OH) was sy n th es ised  hy o a ta ly t io  red u c tio n  o f  
th e  3 n i tro p y r im id in e  (109 I R « CĤ CĤ OH) and subsequent trea tm en t 
w ith  n i t r o u s  ao id . However» t h i s  9 -  s u b s t i tu te d  azapu rine (133 ; R » 
CHgCĤ OH) and a lso  th e  oo irespond ing 9 •  D r i b i t y l  compound (135 I R " 
D r i b i t y l ) ,  which was k in d ly  su p p lied  ty  Dr» D avoll, Pfitrke Davis and 
Company, y ie ld e d  n e g l ig ib le  q u a n t i t ie s  o f  th e  ezpeoted  p te r id in e s  ( i l l  ; 
R “ CHgCHgOH o r  R •  D -> r i b i t y l )  when t r e a te d  a s  above. The s u b s t i tu e n t 
in  th e  9 -  p o s i t io n  must h in d er cleavage o f  th e  H -» H bond in  some way
110
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Yet another attem pt a t p te r id in e  -  8 -  glycoside eynthecis wae 
made o ta r tin g  from the 5 •  n itrosopyrisaidine (1)6 $ R « D - »  mannosyl)^^^ 
which was hydrogenated over palladieodr-oharoool and tre a te d  w ith d iaoetyl. 
In stead  o f y ie ld in g  the ezpeoted 8 « mannosylpteridine ( l)7  ; R * D « 
mannosyl), the a lte rn a tiv e  rou te  fo r  cy c lisa tio n  took plaoo to  give 
the  p te r id in e  ( l)8  ; H » D — mannopyl)» This oyc liaa tion  rou te ia  not 
the one which ie  usually  preferred*^
Recently» F orrest and Lohmann^^^ prepared the  n itropyrim idine 
glycoaide (109 |  R •  te tr& aoety l^ucogyl) hy a method s im ila r to  the 
unsucoessful attempt deecrihed prev iously hut us ing  more d ra s t ic  
oond itlono . They tre a te d  the n itroohloropyrim ldino (l08) in  a 
m ixture o f dry dioxan and ethanol a t  100^ in  a stoppered f la sk  w ith 
2 % 3S  4 \  6  ̂ -  te traaoety l^ucosy lam ine .
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T h ie re a c t io n  wae r e p e a t a n d  th o  d eo irod  pyriE id liao  gl^coe&do 
(109 I B « to tr a a o a ty l^ u c o o y l)  wao ob talnod? a  by -  p roduo t aga in  
b e in g  -oC -  d i  •» (D « g luooayl) -  amine o o ta a c e ta to .
F o r re s t  and Lohimann^^^ p rep ared  a  e o r ie s  o f  7 -  o zo p te r id in o  «»
8 « g luoo s idee o f  th e  typo (139 S B "  D -« g lucoqy l) by roduo tion  o f  th o  
n i tro p y r i is id in e  ( l0 9  |  H >« te tr a a o o ty l^ u o o a y l  ) ond condensation o f  tho  
r e s u l t in g  d iam inopyrim idino w ith  e th y l pyruva to , e th y l g ly o zy la to  
h em iao e ta l , o r  d ie th y l  taeaosala to , fo llow ed by d o ao o ty la t io n  o f  th e  
g lyooe ido  t e t r a a o e ta t e .
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I t  was dooid®d to  apply t h i s  re ao t io n  to  th e  gyathoo ic  o f  8 -  
g ly o o ey lp to r id ir ia a  o f  th e  typo (120) ro a o tio n  o f  th e  2:̂ ;$ diamino « 
pyrim id ine g iuoos ido  (110 f H «  to tra a o o ty lg lu o o c y l)  isrith d ia o e ty l o r  
g lyosal*  S u rp r is in g ly ,  th e se  re a c t io n s  d id  n o t proceed  beyond th e  atago 
o f  tho  Soh iff® s bases ( 14O ç H » to tra a c o ty lg lu c o a y l |  E“ « R” » M© 
o r  E® * E" « H) whioh were id e n t i f i e d  by pape r chromatography , which 
showed an ab so rp tio n  spot in  u l t r a v i o l e t  l i g h t  in  eaoh oaso , and by 
comparison o f  t h e i r  u l t r a v i o l e t  s p e c tra  (Fig® 4 ) ^ i t h  th e  epootrum o f 
th e  Soh iff«8  base ( 14O ; E » CĤ CĤ OH j H® « H j E'* « OEt)c
B oace ty la tion  o f  th e  n itro p y r im id in e  gluooaido te t r a a c e ta te  (109 ;
R » te tra a o o ty lg lu o o a y l)  w ith  sodium m ethorldo fu rn ish e d  tho  w ater •= 
so lu b le  py rim id ine g luoo s ide  (109 ; R » D -  g luoosy l)*  Roduotion o f  
t h i s  g luoos ide  and oondenoation w ith  d ia o o ty l o r  glyoxol aga in stopped 
a t  th o  S o h iff" s  base stagoo
Condensation o f  th e  diaminopyrimidin© (109 ; R » to tr a a o e ty l  -  
g luoooyl) w ith  a llo x an  gave a b r ig h t  yellow  produc t which analysed  fo r  
th e  S oh iff^a  base ( 14I |  R *• to tr& ao e ty lg iu co sy l)  o
HN







As a f in a l  e f f o r t ,  I t  was dooidod to  a ttem pt to  roduoo tho  
7 -  o x o p te rid in o  (139 ; R «  D « gluooeyl $ H® « H) to  tho  reduood 
p to r ld in o  (l4 2  |  H * D « gluooeyl |  R® » H) which would then  
p o ss ib ly  be r e a d i ly  dehydrogenated to  tho  d e s ire d  p te r id in o  (120 g 
R » D « g lucosy l ; R® « H). L ith ium  aluminium h yd ride  red u c tio n  
and a lso  th e  techn ique o f  Brown and Subba Rao^^^ f o r  th e  convers ion 
o f  d is u b o t i tu te d  am ides to  am ines u s in g  a m ix tu re  o f  sodium boro 
hydride  and aluminium c h lo r id e , were In e f fo o tlv e  due to  th e  
in s o lu b i l i t y  o f  th e  7 -  o x o p to r id in e  g lucoeide in  so lv e n ts  s u i ta b le  
f o r  th e se  r e a c t io n s .  A ttem pts to  i s o la te  th e  7 -  o x o p te rid in o  
g ly co s id e  t e t r a a c e ta te  b efo re  d e a o e ty la tio n  woro xmesuooesaful a s  th e  
a lk a l in e  co n d i tio n s  re q u ire d  fo r  th e  c y c l is a t io n  o f  th e  Schiff® e 
base a ls o  d eao o ty la ted  th e  su g a r . The f re e  7 -  o x o p te r id in e  g luoos ide  
cou ld  not be r e a c e ty la te d  due to  s o lu b i l i ty  d i f f i c u l t i e s .
Time d id  no t perm it f u r th e r  in v e s t ig a t io n  in to  t h i s  in tr ig u in g  
s y n th e t ic  problem , th e  so lu t io n  to  which has , ae y e t ,  been so ev as iv e .
1%
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2 «  Andno = 4 «= hydroxyp to rid ino . ^
2, 4f»5 ~ Triaroino -  6 -  bydroxypyrim idine su lp h a te  monohydrat 
(lOgo ) In  w ate r (200oc .) was t r e a te d  w ith  a s o lu t io n  o f  p o ly ^ y o x a l 
( 3go) in  w ater ( ig o o .)  and tho  m ix tu re  was h ea ted  on a steam h a th  
f o r  15 n ine w ith  s t i r r i n g .  The ro d  p r e c ip i t a te  which formed was 
d isso lv e d  by a d d i tio n  o f  45 sodium hydrox ide s o lu t io n ,  th e  
s o lu t io n  was f i l t e r e d  hot and th e  f i l t r a t e  was t r e a te d  w ith  $5 
su lp h u r ic  a c id  u n t i l  th e  pH was decreased  to  ) .  A f te r  ooo ling , th e  
crude p roduc t was o o lle o te d  and washed w ith  w a te r , e th an o l and e th e r .  
Tho s o l id  was d isso lv e d  in  th e  minimum amount o f  25 -  sodium hydrox ide 
s o lu t io n ,  t r e a te d  w ith  charcoal and f i l t e r e d  h o t .  To th e  f i l t r a t e  was 
added an equal volume o f  105 «= sodium hydrox ide g iv in g  a p a le  brown 
p r e c i p i t a t e  which was c o l le c te d  and washed w ith  45 — sodium hyd rox ide, 
e th an o l and e th e r .  T h is sodium s a l t  was d isso lv e d  in  w ater and 
a d ju s te d  to  pH 3 w ith  $5 -  su lp h u r io  a c id . On co o lin g , th e  p a le  
yellow  2 -  amino -  4 « h y d ro zy p te rid in e  ( 5. 2g. |  82^) sep a ra ted .
M.p. >  360®.
1 SO2 -  Amino -  4 hydroxy -  6 ,7  «= d im e th y lp te r id in e . ^
2,4*5 "  Triam ino -  6 -  hydrozypyrim idine su lp h a te  monohydrate 
(lO g .)  was suspended in  w ater (700co .) a t  00®. A s o lu t io n  o f  d ia c e ty l  
( 50C0) in  w ater (lOOco.) was added to  th e  hot m ix tu re  and th e  h e a t in g  
was con tinued  fo r  2 h r .  w ith  s t i r r i n g .  On co o lin g , a  yellow
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p r e c i p i t a t e  formed. The s o l id  was co llo o te d , d r ie d  and d isso lv ed  in  
9H -  aamonium hyd rox ide so lu t io n  (lOOOoo.). C oncen tra tion  in  vacuo 
u n t i l  s o l id  j u s t  appeared and a c id i f ic a t io n  to  pH 4  y ie ld e d  th e  p u r i f i e d  
p te r id in e  ae a p a le  yellow  powder ( 3*9g* ; 535̂ )* m .p. ^
1 0 A ce tyl — 2 ,5 ,5  t r i  -  0 -  hengoy l  — D — ribo fU ranoe ide . ^
D -  Hibose ( 25g«) was d isso lv ed  in  dry methanol ( 535oo. ) w ith  
s t i r r i n g  and a  s o lu t io n  o f  dry hydrogen c h lo r id e  ( 2 . 2g .)  in  dry 
m ethanol (24o o .)  was slow ly added u n t i l  Pehling® s t e s t  fo r  th e  
red u c in g  group became n eg a tiv e . The hydrogen c h lo r id e  was n e u t r a l is e d  
by a d d i tio n  o f  dry p y r id in e  ( 50co . ) and th e  so lv en t was d i s t i l l e d  o f f  
under reduced p re s s u re .  P y r id in e  ( 50co .)  was added and th e  
d i s t i l l a t i o n  was oontinued u n t i l  a  v iscou s  yellow  o i l  remained which 
was d isso lv ed  in  a m ix tu re  o f  chloroform  (13500. )  and dry p y r id in e  
( 29500. )• The s o lu t io n  was cooled  in  an i c e - s a l t  b a th  and slow ly , 
w ith  s t i r r i n g ,  t r e a te d  w ith  benzoyl c h lo r id e  (9 7 o o .) . The h e te ro  -  
geneous m ix tu re  was kep t in  th e  r e f r ig e r a to r  o v ern ig h t and p&ured in to  
ic e d  w a te r (lOOOcc. ) w ith  s t i r r i n g .  The o rg an ic  phase was sep a ra ted  
and th e  aqueous la y e r  e x tra c te d  w ith  chloroform  ( 3 x 7O00. ) .  The 
e x t r a c ts  were combined w ith  th e  o r ig in a l  o rg an ic  phase , washed w ith  
w ate r (2 x lOOco.) and d r ie d  ove r anhydrous sodium su lp h a te . A f te r  
removal o f  th e  so lv e n t a t  reduced p re s su re ,  th e re  rem ained a  red  v isoou s 
o i l  which was d isso lv ed  in  a  m ix tu re  o f  g la c ia l  a c e t io  a c id  (40co« ) and 
a c e t i c  anhydride (93o© .). The so lu t io n  was cooled  in  an ic e  b a th  and 
co n c en tra ted  su lp h u r ic  a c id  (130c .)  was slow ly added w ith  s t i r r i n g .
The re a c t io n  m ix tu re  was l e f t  o v ern ig h t in  th e  r e f r i g e r a to r  and then
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w ith  s t i r r i n g ,  pou red in to  ic e d  w a te r (lOOOooo) g iv in g  a  tao&y so lid»
The aqueous phase was th r i c e  deow ited and rep lao ad  w ith  f r e s h  water* 
C r y s ta l l is a t io n  from 10 p a r t s  isopropano l y ie ld e d  w h ite  f e a th e r - l ik e  
c r y s ta l s  which were d r ie d  over phosphorus pen t oxide* Y ie ld  35g . ,  m.p*
130 -  131®. ( l i t . , 5̂1 131 _ 132®).
A ttem pted Condensation ofo^ - Chloro -  2,3# 5 -  t r i  -  0 -  benaoyl -  D -  
r ib o fu ra n o s id o  w ith  2 -» Amino -  4 -  hydroxy -  6 .7  d im e th y lp te r id in e *
(a) To anhydrous e th e r  (lOOco*) s a tu ra te d  w ith  hydrogen c h lo r id e  
a t  0^ was added a c e ty l  c h lo r id e  ( 30600») and 1 -  0  <- a c e ty l  2 , 3 ,5  -  
t r i  -  0 -> benzoyl - / i  -  D«> rib o fu ran o so  (3o6g*)» Hydrogen c h lo rid e  
was p assed  th rough  th e  s o lu tio n  a t  0^ u n t i l  th e  s o l id  com pletely 
d is so lv e d . A fte r  4 days a t  3^ & stoppered  f l a s k ,  th e  s o lu t io n  was
evapora ted  to  d ryness in  vacuo. The evapo ra tion  was rep ea ted  tw ice 
w ith  p o r tio n s  (20c o .)  o f  dry  benzene g iv in g  a c le a r  o o lo u rle e s  gum 
which was d is so lv e d  in  r e d i s t i l l e d  5 ,5  «  dimethylfozmamide ( lO o o .) .
A suspension o f  f in e ly  powdered 2 -  emino -  4 -  hydroxy -  6 ,7  -  dim ethyl -  
p te r id in e  ( l .7 g » )  i n  5 ,5  -  dimethylfoimeanide (25O00. )  a t  37^ was 
t r e a te d  w ith  th e  so lu ticm  o f  th e  oh lo rosugar and th e  m ix tu re  was k ep t 
a t  37^ f o r  12 days. At th e  end o f  t h i s  tim e, unchanged 2 -  amino -  4 
hydroxy -  6 ,7  -  d im e th y lp te r id in e  ( l . 5g#) was reoovered  and no o th e r  
p te r id in e  was d e te c te d  by paper chromatography.
(b) The procedure d escrib ed  in  (a) was re p e a te d  but w ith  th e  
a d d itio n  o f  sodium bicaorbonato (lO g .) to  th e  dimothylfoimamido so lu tio n  
co n ta in in g  th e  p te r id in e  and ch lo ro su g ar. Again no condensation  o ccu rred .
(c) The oh lo rosugar was p repared  a s  in  (a ) from th e  1 -  0 -
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a o o ty l d e r iv a t iv e  and d isso lv ed  in  dry to lu en e  ( lO o c .) .  T h is so lu t io n  
was added to  a  suspension o f  2 -  amino -  4 hydrozy -= 6 ,7  -  dim ethyl -  
p te r id in e  ( 1 .% .)  in  dry to lu en e  (250oo .) co n ta in in g  sodium b ica rb o n a te  
(l5g»)«  The m ix tu re was th o ro u ^ ^ y  s t i r r e d  and h ea ted  under r e f lu x  f o r  
32 h r .  Again th e  p te r id in e  s t a r t in g  m a te r ia l was reoovered  unchanged 
w h ile  th e  suga r had decomposed.
(d) The e j^ e r im en ts  (b) and (o) wore rep ea ted  re p la c in g  th e  
sodium b ica rb o n a te  w ith  a c e t i c  ao id  and a lso  v a r ia t io n s  in  tem peratu re  
were t r i e d  w ithou t e f f e c t .
A ttem pted Condensation o f  D -  Ribose w ith  2 -  Amino -  -  hydroxy -
p te r id in e  in  p resence o f  Polyphoeiphoric E s te r .
2 -  Amino « 4 -  hyd ro x y p ter id in e  ( l . 2 g . ) ,  suspended in  dry r e ­
d i s t i l l e d  N,H »  dimethylformamlde (lO O cc .), was t r e a te d  w ith  conce 
h y d ro ch lo r ic  ao id  (O .g o c .) follow ed by th e  ad d i tio n  o f  polyphoephorio 
e s t e r ^ ^  (3  -  4g®)t th e  r e a c t io n  m ix tu re  be ing  thoroughly  s t i r r e d .  A 
so lu t io n  o f  D -  r ib o s e  (200 mg.) in  K,V == dim ethylform am ide ( 5O00. ) 
was dropped in  slow ly to  th e  s t i r r e d  ro ao tio n  m ix tu re . A f te r  s t i r r i n g  
f o r  22 h r .  in  a g ly c e r in e  b a th  a t  gO  ̂ th e  m ix tu re  was cooled and f i l t e r e d .  
Crude unchanged 2 -  amino -  4 h yd roxyp ter id ine  (O .ôgo) only was 
reoovered  and no o th e r  p te r id in e  was observed on paper chromatography 
o f  th e  r e a c t io n  m ix tu re .
2 -  A oe ty laalno  4  h y d ro x y p te r id in e .  ̂̂
2 -  Amino -  4 -  h y d roxyp ter id ine  (2g«), suspended in  a c e t io  
anhydride ( I 4OC0. ) ,  was b o ile d  under r e f lu x  f o r  7 h r .  and th e  ho t
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s o lu t io n  was f i l t e r e d .  On ooo llng , cream noodles se p a ra ted  ^ i c h  woro 
c o l le c te d  and d r ie d  by su c tio n . R e o ry s ta l l is a t io n  from hot w ater ( I 3D00. ) 
(ch a rco a l)  y ie ld e d  f in e  w h ite  n eed le s  ( l . l g . ) ,  deoorap. 283°  ( l i t .
285®).
R eac tion o f  2 -  Acetylam ino -  4 -  byd roxyptorid ine and -  Chloro -
2 .3 .5  -  t r i  -  0 -  benzoyl -  D -  ribo fU ranos ide .
The -  oh lo rosuga r was p rep ared  as b efo re  from 1 -  0 « ao o ty l -
2*3*5 -  t r i  -  0 « benzoyl - /S  -  ribofU ranose (7 * 2 g .) .  The c le a r
c o lo u r le s s  gisa was d isso lv e d  in  dry 5 ,5  -  dimethylformam ido (7oo .) and 
a so lu t io n  o f th e  p te r id in e  (0 .9 g . ) in  dry 5 ,5  -  dim e tl^lfo im am ide (4O00. ) 
was added . H ea ting under r e f lu x  fo r  10 h r .  y ie ld e d  m ainly unchanged 2 -  
ace ty lam ino -  4  -  h y d ro x y p ter id in e . Paper chromatography showed 
se v e ra l weak b lue  sp o ts  in  u l t r a v i o l e t  l i g h t  bu t th e  co n cen tra tio n s  o f  
th e se  compounds were too sm all f o r  id e n t i f ic a t io n  pu rposes end were n o t 
in c re a se d  by f u r th e r  r e f lu x in g  o f  th e  re a c t io n  m ix tu re  which only le d  to  
decom position o f  th e  sugar component.
2 -  Amino 4  -> b en g y lo x y p te r id in e .^^^
A so lu t io n  o f  2 ,4*5 * triam ino  •» 6 « benayloxypyrimidin©^ (0*7g .) 
in  methanol ( 20c c .)  was added to  a warm so lu t io n  o f  po lyg lyoxal (0 . 2gù) 
in  methanol (20co .) and b o ile d  under r e f lu x  fo r  2 h r .  The methanol was 
d i s t i l l e d  o f f  under vacuum and tho  brown re s id u e  was e x tra c te d  w ith  
se v e ra l p o r t io n s  (20oc .)  o f  no t too  hot l̂enoo On c o o l in g ,a  yellow  -  
brown p r e c i p i t a t e  sep a ra ted  which was fu r th e r  p u r i f i e d  by r e c r y s t a l l i s  -  
a t  ion from w ater (ch a rco a l)  g iv in g  th e  p te r id in e  a s  yellow  n eed les  (lOOmg.),
m .p. 220 -  223® ( l i t . , ’ 33 220 -  223®).
A ttem pted Condensation o f  2 -  Amiao « 4 ’bonzylosyptara .dino y i th o ^  « 
C h lo ^  -» 2.3# 5 -  t r i  -  0 -  benaoyl -  D -  r ib o f to a n o s id o .
(a) The oh lo rosuga r was p rep ared  as deooribod p rev io u s ly  from
1 -  0 -  a c e ty l « 2 , 5* 5 *• t r i  -  0 -  benzoyl = ^  -  D = ribo fu ran o so  
( 200mg*)« The c lo a r  o o lo u r le s s  gum was d isso lv ed  in  dry  xylene ( 3oo ,) 
and added to  a  s o lu t io n  o f  2 -  amino -  4 -  bengy loxyp terid ino  (iCXhag.) 
in  dry  xylw io (6 0 o o .) . R eflux ing f o r  40 h r .  had no e f f e c t  on th e
b en zy lo x y p te rid in e  which was recovered  unohanged and th e  suga r 
e v e n tu a lly  decomposed.
(b ) The above experim ent was rep ea ted  in  th e  p resence  o f  a c e t io  
ao id  (O .goo.) and th en  aga in in  p resence o f  sodium b ica rb o n a te  bu t th e  
end r e s u l t  was s im ila r*
2 -  Amino -  4 .8  -  d ihyd ro  -  8 -  (2® -  hyd roxyetbyl) -  4  -  o x o p te r id in o  
H ydroch lo ride.
2 ,5  •  Diemino -  6 •» hydroxy •  4  •  (2 ® -  hydroxyothylem ino) -  
p y r im id ine  hy d ro ch lo r id e  (8 . 3g. |  0.038  m ol.) was suspended in  methanol 
(200 00. )  and a  s o lu t io n  o f  po lyg lyoxal (2 . 3g .)  in  m ethanol (lOOoo.) 
was added* The m ix tu re  was b o i le d  under r e f lu x  f o r  30 n d n ., th e  co lo u r  
o f  th e  s o lu t io n  chang ing to  deep red  and f in a l l y  brown. The produc t 
was f i l t e r e d  and augaented by co n cen tra tio n  o f  th e  f i l t r a t e  in  vacuo. 
The r e s u l t in g  brown c r y s ta l s  were d isso lv ed  in  25 -  h y d ro ch lo r ic  ao id  
( 3OO0C .) , h ea ted  on a steam b a th  and t r e a te d  w ith  ch a rc o a l . A f te r  a 
few m inu tes th e  m ix tu re  was f i l t e r e d  h o t ,  wash ing th e  charcoal w ith  h o t
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25 -> hydroohlozdo a c ld .  The f i l t r a t e  was co n cen tra ted  under vacuum 
u n t i l  s o l id  se p a ra ted , com plete p r e c ip i ta t io n  b e in g  ach ieved  by th e  
a d d i t io n  o f  a  l i t t l e  methanol and ro f r ig e r a t io n  g iv in g  tho  p te r id in e  
h y d ro ch lo r id e  as  yellow  c ry s ta l»  (3«5s* 5 39$^), m.p« ^  A
p o r t io n  was r o o r y s ta l l is e d  from 25 -  h y d ro ch lo r ic  ao id  fo r  analyo ie* 
(Found* C, 39*8 ) H, 4*3 I 5 , 28.6 |  C l, 14*3" CgH^QN^OgCl roquiz^o 
C, 39*4 Î H, 4*1 Î 5 , 28.75 I C l, I 4 . 65É).
2 -  Amino -  7*8 -  d ihyd ro  -  4 -  hydroxy = 8 (2® « hydroxyetbyl) **
7 -  o x o p te r id in e .
(a ) E thy l e^yoxylate  h e m ia o o ta l^ (4 * 5 & * )  was added to  a  so lu t io n  
o f  2 ,5  — diamino -» 6 -* hydroxy « 4 *• (2® «= hydroxyethylam ino) — 
pyrim id ine h y d ro ch lo r id e  (4»43g*) in  w ater (lO O oo .). A f te r  s tan d in g  
a t  room tenqperature f o r  3O m in . th e  p r e c ip i t a te  was f i l t e r e d  g iv in g  th e  
in te rm e d ia te  Schiff® e base which was d isso lv ed  in  5 — sodium b ica rb o n a te  
s o lu t io n  (7O0C .) and b o i le d  under r e f lu x  f o r  I 5 m in. d a o l a l  a c e t i c  
a c id  (7 o c .)  and w ate r ( I 4OOC0. ) were added and th e  m ix tu re  was b o ile d  
w ith  a  l i t t l e  charcoal and f i l t e r e d .  On co o lin g  p a le  brown c r y s ta ls  
se p a ra te d  which were p u r i f ie d  by d is s o lv in g  in  25 » ammonium hyd rox ide 
s o lu t io n ,  t r e a t in g  w ith  ch a rc o a l , and f i l t e r i n g  h o t .  To th e  ho t f i l t r a t e  
was added g la c ia l  a c e t i c  a c id  dropw iee u n t i l  a  s l i ^ t  tu r b id i ty  formed 
and p a le  yellow  c r y s ta l s  sep a ra ted  on co o lin g . The 7 -  o x o p te r id in e  
( 3 . 2g. ) was washed w ith  w ater , e thano l and e th e r ,  m .p. 360°. (Found «
C ,43*25  ̂ H, 4*2 ; 5 , 3I . 4 . C alc, f o r  Cg^5^0^ C, 43*05 j H, 4*0 }
H, 31. 4^ ) .
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(b) 2 -  Amino « 4*8 ** d ibyd ro  -  8 -> (2® « hyd rosyothyl) -
4 -  o x o p te r id in o  bydrooh lo ride  (200mgo) was dioeoXvod in  w ater (lO oo .) 
and 5  sodium hyd rox ide was added dropw iee u n t i l  pH 10. The so lu t io n  
was h ea ted  on a  steam b a th  fo r  4  h r .  and f i l t e r e d .  Charooal was added 
to  th e  f i l t r a t e  which was f u r th e r  h ea ted  fo r  20 m ine, and f i l t e r e d  h o t .  
The ch a rco a l tre a tm en t was rep ea ted  and th e  ho t f i l t r a t e  was a c id i f ie d  
w ith  f a c i a l  a c e t i c  a o id . Ch r e f r ig e r a t io n  brown o z y c ta ls  sep a ra te d . 
P u r i f ic a t io n  was ach ieved  as in  (a ) by d is s o lu t io n  in  d i lu t e  ammonium 
hyd rox ide s o lu t io n ,  trea tm en t w ith  charcoal and a c id i f ic a t io n  to  g ive  
p a le  yellow  c r y s ta l s  ( 65mg.) which were id e n t ic a l  in  Bf (6  so lv en t 
sy stem s) , in  u l t r a v i o l e t  and in f ra re d  sp e c tra  w ith  th e  produc t from
2 «° Amino  — 6 — hydroxy — 4 — (5*5 — methyl = 2®, 2® —* d i ethoxy e th y l =» 
am ino) -  5 -  n itro p y r im id in e .
2 -  Amino «» 4 « ohloro  -  6 hydroxy -  5 •  n itro p y r im id in e  (7*65g .|
0 .0 4  m ol.) was suspended in  e th an o l (60oo .)  and m ethylam inoaoetaldohyde
d ie th y l  a c e ta l  (l4*0oc . } 0 .1  m ol.) was added. The so lu t io n  was 
re f lu x e d  f o r  1$ m in ., coo led  and f i l t e r e d .  The p roduc t wae re c ry  a t  a l  -  
l i s e d  from ieop ropanol g iv in g  th e  pyrim id ine a s  yellow  hexagonal p la te s  
(6 ,5 g . f 60^), m .p. 1 8 3 -  184®. (Poundi C, 43 .8  ; H, 5.95  j H, 23. 5 .
°11°19*5°5 °» » H, 6 .3  I H, 23 . 356) .
2 -  Amino — 4*8 — d ihyd ro  — 8 -  m ethyl -  4 -  o x o p te r id in e  H ydrochloride.
(a ) 2 ,5  •  Diamino -  6 -  hydroxy -  4 -  m e thylam inopyrindd ine
h y d ro ch lo r id e  ( 2#8g .)  was re f lu x e d  w ith  s t i r r i n g  f o r  1 h r .  w ith  po ly  -  
g lyoxa l (0»9g.) in  m ethanol ( lOOco. ) .  The s o lu t io n  wae co n cen tra ted  
to  oa . 20oc. when a  brown p r e c ip i t a t e  fo m ed . T h is  p r e c i p i t a t e  was
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o z y s ta l l io e d  from 2 K ^  hydroob lorlo  a c id  (ch a rco a l)  y ie ld in g  tho
o rh y d ro ch lo r id e  as  yellow  priem s (2o2g«), dooomp. 280 « 28$ I l i t . ,  
oa. 285°  (d@ o.)j.
(b) P a lla d ie e d  cha rcoal (lO ^ Pd. ; 90 mg. ) wae suspondod in  
w ate r (lO co .) and a so lu t io n  o f  eodium bo rohydrido (lo67g . ; 44m. m ol.) 
in  w ate r (gOoc.) wae added w ith  s t i r r i n g .  T h is was Immediately 
fo llow ed  by th e  dropw ise a d d i tio n  o f  a so lu t io n  o f  2 « amino = 6 = 
hydroxy 4 «. (H,N -  m ethyl -  2 ®,2 ® -=■ die thozyothylam ino) «=. 5 •  n i t r o  -  
py rim id ine ( ) .9 g .  ; 14*5 m. m ol.) in  O.55  -  sodium hydrox ide so lu t io n  
( 5OC0. ) ,  th e  s t i r r i n g  be ing  con tinued  u n t i l  th e  d isappearance o f  th e  
yellow  co lo u r and th en  f o r  a f u r th e r  10 mino The c a ta ly s t  was removed 
by f i l t e r i n g  through c e l l t e  in to  2 . )  5  « h y d ro ch lo r ic  a c id  so lu t io n  
( 5O0C. ) and th e  f i l t r a t e  was im m ediately co n cen tra ted  to  20oc . 
Methanol ( 3O00. ) was added and th e  p r e c ip i ta te d  in o rg a n ic  s a l t s  were 
removed by f i l t r a t i o n .  The f i l t r a t e  was h ea ted  on a  steam bath  fo r  
2 h r .  and r e f r ig e r a te d  to  g ive a p a le  brown p r e c i p i t a t e .  Repeated , 
r e o r y s ta l l i s a t i o n  from 2 5 -  h y d ro ch lo r ic  a c id  (c h a rc o a l)  y ie ld e d  th e
p te r id in e  hyd ro ch lo r id e  ae p rism s ( l . l g .  ; 59^ ) ,  doooop. 280 -  283° .
The produc t was id e n t i c a l  w ith  th a t  from ( a ) .
2 -  Amino -  7» 8 -  d ihyd ro  -  4 -  hydroxy -  8 -  m ethyl -  7 -  o zo p te r id in e
(a) To a s o lu t io n  o f  2 ,5  “  diamino — 6 — hydroxy -  4 — m ethyl —
am lnopyrim idine h y d roch lo r ide  (8 g .)  in  w ater (lOOcc.) was added 
g ly o x y lio  ao id  h y d ra te  (4g#) in  w ater (TOcc.) and th e  m ix tu re was 
thoroughly  s t i r r e d .  A f te r  y) m in. a t  room tem peratu re  th e  cream
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o z y s ta ls  o f  th e  In tez n o d la to  Sohlff®o baso (6 .? g .)  wore o o lleo to d  and 
washed w ith  w ate r , e thano l and ether* T h is Sohiff® s  base was d isso lv ed  
in  N -  sodium b ica rb o n a te  s o lu t io n  (lifOco.) and b o i le d  under r e f lu x  f o r  
15 m in. Q lao ia l a c e t i c  a c id  ( 3O00. )  was added to  th o  h o t so lu t io n  
fo llow ed  by w ate r ( 3OO0C .) and th e  m ix tu re  was b o i le d  fo r  5 m in. Oa 
co o lin g , a  da rk  brown p r e c i p i t a t e  se p a ra ted . The crude p roduc t wac 
o o lle o te d ,  d isso lv ed  in  ho t 2 5 -  ammonium hyd rox ide so lu t io n ,  t r e a te d  
w ith  oharooal and f i l t e r e d .  The hot f i l t r a t e  was a c id i f ie d  w ith  c ^ a c la l 
a c e t i c  a c id , th e  p r e c ip i ta t io n  o f  th e  produc t b e in g  com pleted by 
r e f r ig e r a t io n .  P a le  cream c r y s ta l s  o f  th e  7 -  o x o p te r id in e  were 
o b ta in ed  in  th e  form o f  n eed les  ( 3*5&*)* m .p. 3gO°. A p o r t io n  was 
r e c r y s ta l l i s e d  from a la rg e  q u a n t i ty  o f  w ater f o r  a n a ly s is .  (Found t 
C, 4 3 .8  I H, 3 .3  > 5 , 36. 5. C alc, f o r  C, 43*5 I H, 3 .6  >
H, 36.3^)*
(b) 2 -  Amino -  4 ,8  -  dihyd ro  -_ 8  -  m ethyl -  4  -  o x o p te r id in e
h y d ro ch lo r id e  (600mg.) was d isso lv ed  in  w ater ( 3800. ) and 5  — sodium 
hyd rox ide s o lu t io n  was added dropw ise to  g ive  pH 10. A f te r  h e a t in g  f o r  
yjt h r .  a t  80°  th e  m ix tu re  was f i l t e r e d  h o t , th e  f i l t r a t e  was t r e a te d  
w ith  charcoal and was f u r th e r  h ea ted  f o r  10 m in. The charcoal was 
removed by f i l t r a t i o n  and th e  ho t f i l t r a t e  was a o id i f ie d  w ith  g la c ia l  
a c e t io  ao id  y ie ld in g  brown o z y s ta ls  on r e f r ig e r a t io n .  The crude p roduc t 
was p u r i f ie d  a s  in  (a ) g iv in g  a p roduc t ( 210mg.) which was id e n t ic a l  in  
a l l  r e s p e c ts  w ith  th a t  ob ta in ed  by th e  procedu re d e sc r ib ed  in  ( a ) .
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Condeneatlon o f  2 ,4  == Dlamino -  6 -  byd roxypyria ld ine w ith  D -  Slbooe .
D -  Hiboûo (7,8g* ; 0 .05 m ol.) and ammonium c h lo r id e  (O.Çg*) were 
d ia so lv ad  in  a s o lu t io n  o f  e thano l (15O0O0) and w ate r ( 50c o . ) .  2 ,4  -
Diamino -  6 -  hyd roxypyrlm id ino^^  (lO .^g . 5 0 .08 m ol.) waa added and 
th e  m ie tu re  was h ea ted  on a steam b a th  w ith  s t i r r i n g  fo r  3& h r .  The 
so lu t io n  was f i l t e r e d  and th e  f i l t r a t e  was t r e a te d  w ith  aootone (yX )oo .) . 
The acetone wae o are fU lly  decanted from th e  r e s u l t in g  gum which was 
d ieeo lv ed  in  w ater (gO cc .) .  To t h i s  gqueoue s o lu t io n  methanol (250co ,) 
wae added g iv in g  a p a le  yellow  p re o ip i ta to  which was ra p id ly  f i l t e r e d  
and ground w ith  methanol and then  w ith  e th e r ,  th e  p r e c i p i t a t e  be ing 
p re sse d  d ry . The produc t wae hygroscop ic  and was d r ie d  in  vacuo in  a 
d e s ic c a to r  over phosphorus p en to z id e . The crude p roduc t was d isso lv e d  
in  1 : 1 dry N,H -  dimethylfoxmam ido -  anhydrous methanol (S O o o ./g .), 
f i l t e r e d  hot and th e  f i l t r a t e  was cooled in  ic e  to  g ive  th e  g ly co sid e  
a s  a p a le  yellow  s o l id  (7*lg*) which was s to re d  in  vacuo over 
phosphorus p en to z id e . The product (*'Rembold®s r ib o s id e " )  gave a 
p o s i t iv e  Dische and Schwarz t e s t  f o r  p en to ses . Paper chromatography 
in  so lv en t system s (b) and (?) showed a s in g le  ab so rp tio n  sp o t, when 
viewed under u l t r a v i o l e t  l i g h t ,  which gave a  p o s i t iv e  re a c tio n  fo r  
sugar u s in g  th e  techn ique o f  Baddiley e t   ̂ (Found * C, 41*5 }
H, 5*7 ) H* 2 2 .2 . C alc, f o r  C, 41*9 ; H, 5*4 I 5,21.75*)*
Acid H yd ro lys is o f  "Rembold® s R ibo s ide".
The r ib o s id e  ( 0 .2g. ) was k ep t overn igh t a t  room tem peratu re  in  
0 .1  5  -  h y d ro ch lo r ic  ac id  (20c o .)  y ie ld in g  2 ,4  -  diamino -  6 — hydroxy -  
py rim id ine and r ib o se  in  ad d i tio n  to  some unchanged r ib o s id e , which
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wore d e te c te d  in  th e  re a c t io n  m ix tu re  by paper chromatograpby 
( If so lv e n t eyetem s). Complete h y d ro ly s is  was ach ieved  by re f lu x in g  
in  0 .1 5  -  h y d ro ch lo r ic  ao id  fo r  2 h r .
A lk a lin e  H ydro lys is o f  "Renbold®a R ibo s ide" .
The r ib o s id e  (0 .2 g . ) was n o t a f fe c te d  on s ta n d in g  o v em ig iit in  
0 .15  -  sodium hyd rox ide so lu t io n  (2 0 o o .) . Only s l i g h t  h y d ro ly s is  o f  
th e  r ib o s id e  o ccu rred  a f t e r  r e f lu x in g  th e  r ib o s id e  (0 .2 g .)  in  25 -  
sodium hyd rox ide s o lu t io n  (20cc . ) f o r  4 h r .
Coupling R éactions o f  2 .4  -  Diamino -  6 -  hyd roxypyrim idins R ibos ide.
(a) p -  H i t r o a n i l in e  (Oo26g«) was d isso lv ed  l a  a m ix tu re  o f  
w ate r (lO cc .)  and co n cen tra ted  h y d ro ch lo r ic  ao id  ( I . 500. )  and was 
d ia s o t ia e d  a t  0°  by th e  p o rtio n w ise  a d d i t io n  o f  sodium n i t r i t e  ( 0 . 14g .)  
in  w ate r (lO oc .)  w ith  s t i r r i n g .  The diazonium s o lu t io n  was added 
r a p id ly  to  a  co ld  f re s h ly  p rep ared  so lu t io n  o f  th e  r ib o s id e  (0. 52g .)  in  
w ater (2 C cc .) . The r e s u l t in g  so lu t io n  was in m o d ia te ly  poured in to  a 
s o lu t io n  o f  sodium b ica rb o n a te  ( l« 6g . )  in  w ater (lOOoo.) a t  0°  and th e  
m ix tu re  was l e f t  in  ic e  f o r  2 h r .  The red  p r é c i p i t â t e was f i l t e r e d  and 
shown to  be id e n t ic a l  w ith  2 ,4  — d i amino — 6 — hydroxy — 5 P ** n i t r o  -  
benseneazopyrim idine by cooiparison w ith  an a u th e n t ic  sample p rep ared  by 
co u p lin g  2 ,4  -  diam ine -  6 -  hydrozypyrim idino w ith  th e  same re a g e n t . 
H y d ro ly s is  was a ls o  in d ic a te d  by th e  paper chromatogram techn ique o f  
B addiley  ^  a l .  ^
V a r ia tio n s  in  th e  above techn ique were c a z r ie d  o u t in  an a ttem pt to  
p rev en t h y d ro ly s is  o cc u rr in g .
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( i )  Tho diazonium so lu t io n  wac n e u t r a l is e d  w ith  oodium b ioa rbonato  
s o lu t io n  j u s t  b efo re  ad d i tio n  o f  th e  r ib o s id e  s o lu t io n .
( i l )  A s tro n g ly  a lk a l in e  (sodium Hydrozide) so lu t io n  o f  th e  r ib o o id e
/
was added to  th e  n e u t r a l is e d  ( sodium b ica rb o n a te ) s o lu t io n  o f  the  
diazonium s a l t .
However, th e  p roduct o b ta in ed  in  a l l  oacos was th e  same.
(b) 2 ,4  "= D ich lo ro an ilin o  (0*27g.) was d is so lv e d  in  mat o r  ( 1 goo. ) 
co n ta in in g , oono. h y d ro ch lo ric  a c id  (Oo65cce) and d ia z o tis e d  by adding
a s o lu t io n  o f  sodium n i t r i t e  (0«12g«) in  w ater (lOco«) po rtionw ise  a t  0°. 
The so lu t io n  was n e u tra l is o d  by pou ring  in to  an aquooua so lu tio n  o f  
sodium b ica rb o n a te  ( l . ^ g .  in  20ooo)« A so lu tio n  o f  th o  r ib o s id e  (O.^go) 
in  w ate r (lOoOo) was im m ediately added to  th e  n e u t r a l is e d  diazonium 
so lu tio n  producing  a  b r i ^ t  orange p r e c ip i t a t e .  A fte r  2 h r .  tho  
p r e c ip i t a t e  wae o o lle o te d , washed w ell w ith  w ate r and d r ie d  in  a 
vacuum d e s ic c a to r  over calcium  c h lo r id e . T h is p ro d u ct was id e n t ic a l  
w ith  th a t  o b ta in ed  by t r e a t in g  d ia z o tis e d  2 ,4  -  d id h lo ro o n ilin e  w ith
2 ,4  -  diamino -  6 -  hydroxypyrim idine a t  0 °. Bhirtho ittore, coup ling  
in  a tro n g ly  a lk a l in e  eolu ti<xi gave th e  same p ro d u c t.
(c )  A s o lu t io n  o f  p -  amino -  benzo ic a c id  (2g . ) in  a m ix tu re  o f
w a te r  (lO oc .)  and oonc. h y d ro ch lo r ic  a c id  wae cooled  to  0° . A so lu t io n
o f  sodium n i t r i t e  ( l» 2 g .)  in  w ater ($00. )  was added and th e  m ix tu re was
coo led  to  -5 °  in  an i c e - s a l t  b a th . White f lu f f y  n ee d le s  o f  p -  oarboxy -
116benzene diazonium c h lo r id e  sep a ra ted  which wore washed w ith  t e t r a  — 
hydrofU ran and sucked d ry . The pyrim id ine r ib o s id e  (0 .$ g .)  was 
d isso lv e d  in  g la c ia l  a o o t ic  ao id  (20oo.) and cooled  to  room tem p era tu re .
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Tho above diazonium s a l t  was added to  th e  a c e t io  ao id  so lu t io n  o f  th e  
r ib o s id e  whereby a  brown p r e c ip i t a t e  was o b ta in ed . F i l t r a t i o n  o f  th e  
m ix tu re  a f t e r  2 h r .  a t  room tem peratu re  y ie ld e d  a  p a le  brown s o l id  
( 0 .3 lg . ) ,  m .p ,^  320° , which wao id e n t ic a l  w ith  th a t  o b ta in ed  from th e  
re a c t io n  o f  th e  diazonium s a l t  w ith  2 ,4  — diamino — 6 — hydroxypyrim idino .
2 — Amino — 6 — hydroxy — 4 -  (2® -  hydroxyethylam ino) — pyrim idine 
42H ydrochloride.
2 -  Amino -  4  -  ch lo ro  -  6 -  hydroxypyrim idino (2 g .)  and e th an o l «  
am ine (2 co .)  were h ea ted  in  an o i l  b a th  a t  140° f o r  3O m in. On co o lin g , 
th e  m ix tu re  was d i lu te d  w ith  ab so lu te  e thano l (8O00. )  and 18^  e th a n o lio  
hydrogen c h lo r id e  (400 . ) .  A f te r  s tan d in g  in  ic e  fo r  1 h r .  th e  m ix tu re  
was f i l t e r e d  and th e  p roduc t was washed w ith  e th an o l (4O00. )  and e th e r  
(2ÜCC.). The pyrim id ine h y d roch lo r ide  ( l .? 2 g .)  was d r ie d  a t  room 
tem p era tu re , m .p. 200 -  203°  ( l i t . , ^  203° ) .
2 .4  -  Diamino -  6 -  methoxypyr im id in e .^
2 ,4  Diamino -  6 -  oh lo ropyrim id ine (2 g .)  was h ea ted  under r e f lu x  
f o r  1 h r .  w ith  a so lu t io n  o f  sodium methoxide ( ig .  sodium in  5O00. 
m e thano l) . The p r e c ip i ta te d  sodium c h lo r id e  was removed by f i l t r a t i o n  
and th e  f i l t r a t e  was evaporated  to  dryness under vacuum. The w h ite  
s o l id  was r e o r y s ta l l is e d  from eth an o l to  g ive w h ite  c r y s ta l s  ( l . 7g«)» 
m .p. 160 -  162® ( l i t . , ’ 35 itfi _ 145®, l i t . , ’ 33 162 _ I 63®).
2 .4  -  Di amino -  6 -  ch lc ropy rim id ine .
A suspension o f  2 -  amino -  4 ,6  -  d ioh lo ropy r im id ine (gOg.) in  
10^ (w /v) aqueous ammonia (6OO00. )  was h ea ted  a t  120° f o r  2 h r .  in  a
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l i t r e  bomb f i t t e d  w ith  a m echan ical s t i r r e r .  A f te r  c o o lin g  to  room 
tem peratu re  th e  m ix tu re  wae f i l t e r e d  and th e  p roduc t wae re o ry e ta ll i f ie d  
from w ater ( lO o o ./g . ) (ch a rco a l)  to  g ive th e  py rim id ine  aa w hite c ry e ta lo  
(35ff.» 79#), m.p. 199 -  200® ( l i t . , ’ 3^ 197 -  200®). (Pound « C, 33 .3  ;
H, 3* 3 » 38.95  I C l, 25. 0 . C alc, f o r  C H^R^Cl C, 33.2  ; H, 3 .5  j
IT, 38.8  I Cl, 24. 6# ) .
2 .4  -  Dlaialno -  6 -  1)«ngrlo3a rp y rln id in a . ’ 33
Sodium ( 6go) was d ieeo lved  in  benzyl a lco h o l ( l6 0 o o .)  and dry 2 ,4  -  
diam ino — 6 — ch lcropy rim id ine  ( )  was added. The m ix tu re  wao h ea ted  
w ith  s t i r r i n g  a t  IgO -  160°  f o r  3 h r .  in  an o i l  b a th , exclud ing  m o is tu re , 
and th en  th e  excess benzyl a lcoho l was com pletely removed by d i s t i l l a t i o n  
under vacuum. The r e s id u a l  gum was d isso lv ed  in  benzene (gOOoc.), 
ch a rco a l was added and th e  m ix ture was hea ted  on a steam bath  f o r  13 min. 
The ch a rco a l was removed by f i l t r a t i o n  and th e  f i l t r a t e  on co o lin g  y ie ld e d  
w h ite  p rism s, m.p. 103 * 107^. R e o ry s ta l l is a t io n  from benzene gave th e  
py rim id ine  a s  lu s t ro u s  w hite  c r y s ta l s  (33g .;  675*), m .p. 107 “  109°  ( l i t .  
108 -  109®).
A ttem pted Condensation o f 2*4 -  Di amino -  6 -  bengyloxypyrim idine w ith  
D -  R ibose.
(a) D -  Ribose (l»3g .$  0.01 m o l.) , ammonium c h lo r id e  ( 0 .2 g .) and
2 .4  -  diamino -  6 -  benzyloxypyrisdd ine ( 4 #) 2g . ; 0.02  m ol.) were added 
to  anhydrous e th an o l (60oo.) and re f lu x e d  f o r  8 h r .  On o o n oen tra tion  o f  
th o  re a c tio n  m ix tu re  tho  diamino -  bengyloxypyrim idine was recovered  
unchanged.
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(b) D -  Riboso (Oo95fiT*) W88 h ea ted  under r e f lu x  w ith  th e  
diamino -  benzyloxypyrim idino (2@l6g.) and ammoniina o h lo r id o  (O .lg .)  
in  benzene (igOoo* ) .  The f la a k  was a tta c h e d  to  a  Doan and S ta rk  
ap p a ra tu s  f o r  removal o f  any w ater which may have formed d u r in g  th e  
reao ticm . A f te r  r e f lu x in g  f o r  6 h r .  th o  re a c t io n  m ix tu re  was 
G o n cw tra ted  y ie ld in g  m ainly th e  diamino -  bensyloxypyrlsa idine m ixed 
w ith  asnonium c h lo r id e . The r ib o se  had la rg e ly  deoomposed.
2*4 -  Diemlno -  6 -  hydroxy -  5 -  n i tro p y r im id in e .
2 -  Amino •  4 -  ohlo ro  -  6 -  hydroxy -  5 •  n itro p y id a id in ©  ( i g . )  
was d isso lv ed  in  e th an o l (lOOoo. ) and ammonium hyd rox ide so lu t io n  (SoG. 
0 .880) was added u n t i l  th e  s o lu t io n  wao a lk a l in e  to  l i tm u s .  The 
s o lu t io n  was re f lu x o d  f o r  y> m in ., co n cen tra ted  in  vacuo u n t i l  a  
p r e o ip i t a to  began to  se p a ra te  and a d ju s te d  to  pE 3 hy a d d i tio n  o f  
3 H -  su lp h u r ic  ao id . The produc t (0 .6 g .)  was o o lle o te d ,  washed w ith  
w a te r and d r ie d , m .p .^  300®. The p roduc t was id e n t i c a l  w ith  an 
a u th e n t ic  sample^ o f  2 ,4  diamino — 6 -  hydroxy — 3 ** n itro p y r im id in e .  
A ttem pted Condensation o f  2*4 -  Diamino -  6 -  hydroxy -  3 -  n i t r o  -  
p y r im id in e  w ith  D -  Hibose*
D -  Hibose (0 .3 g . ) and ansnonium c h lo r id e  (0 .0 3 g .)  were d isso lv ed  
in  a  m ix tu re  o f  e th an o l (20oo .) and w ate r ( 300. ) .  2 ,4  -  Diamino -  6 -  
hydroxy -  3 -  n itro p y r im id in e  ( 0 . 6g .)  was added and th e  m ix tu re was 
h ea ted  w ith  s t i r r i n g  on a steam b a th  f o r  20 h r .  Oh co n cen tra tio n  th e  
p y r im id ine  s t a r t in g  m a te r ia l  ( 0. 38g .)  was reoovered  unchanged .
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2 — Andno -  4  -  hydroxy -  6*7 -  dim ethyl p te r id in e  from 8 -  Aaagusnine.
8  -  Azaguanine (0*3g*) wae d ieeo lv ed  in  3 ^  * mzmonium hyd rox ide 
( 4O0O0) ,  Raney n ic k e l ( oa. 6g .)  wao added and th e  la iz tu ro  was ro flu z e d  
f o r  9 h r .  The n ic k e l wae f i l t e r e d  from th e  h o t s o lu t io n ,  washed w ith  
ho t 3 ^  ammonium hyd rox ide s o lu t io n  and th e  oomhined f i l t r a t e  and 
w ash ings were t r e a te d  w ith  d ia o o ty l ( 0 . 30c . ) .  Tho s o lu t io n  was b o ile d  
g e n tly  f o r  2 h r .  by which tim e much o f  th e  excess ammonia had been 
removed and th e  p roduc t began to  s e p a ra te .  The pE o f  th e  s o lu t io n  was
a d ju s te d  to  4  by dropw ise a d d i t io n  o f  3 ^  ~ su lp h u r ic  ao id  and th e
m ix tu re  wao cooled  to  room tem p era tu re . The yellow  e o l id  (120 mg. ;
195*) which formed was id e n t ic a l  in  i t s  Hf ( 6 so lv e n t cystems) and
u l t r a v i o l e t  s p e c tra  w ith  an a u th e n t ic  sanp le  o f  2 -  andno -  4  -  hydroxy -
6 ,7  d im e tb y Ip te r id in e , p repared  a s  d esc r ib ed  p re v io u s ly .  A s h o r te r  o r  
lo n g e r  re f lu x in g  tim e w ith  Haney n ic k e l le d  to  decreased  y ie ld s  o f  th e  
p te r id in e .
8 -  Asa -  9 -  ( 2 ® -  hydroxy e th y l)  -  guan ine .
2 -  Amino -  6 -> hydroxy -  4  -  (2* -  hydroxyethylam ino) -  3 -  
n itro p y r im id in e  (l«29g« |  6 m. m ol.) was suependod in  w ater (lOOoo.) 
and 4 1 ^ -  sodium hyd rox ide s o lu t io n  was added dropw ise u n t i l  th e  s o l id  
j u s t  d isso lv e d . The s o lu t io n  was hydrogenated o v e r Raney n ic k e l a t  
room tem p era tu re , th e  c a ta ly s t  was f i l t e r e d  and washed w ith  a sm all 
amount o f  ho t w a te r . The f i l t r a t e  was q u ick ly  coo led  to  3® in  an ic e  
b a th  and sodium n i t r i t e  (0 .69g . ; 10 m. m ol.) was added . The pH o f  th e  
s o lu t io n  was a d ju s te d  to  4  by dropw ise a d d itio n  o f  g la c i a l  a o e tio  a c id
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and th e  tem peratu re  wae kep t below 5° f o r  5O min» The p a le  brown 
e o l id  was o o lle o te d  and washed w ith  oold w ater , e th en o l and o th e r .  The 
s o l id  ( l« 02g .)  was suspended in  w ater ( 5OO00. )  and 9 5"= asnoniuza 
hyd rox ide so lu t io n  was added dropw ise u n t i l  oooq)lote d is s o lu t io n  had 
o ccu rred . The so lu t io n  weus t r e a te d  w ith  oharooal and b o i le d . A f te r  
f i l t r a t i o n  o f  th e  oharooal th e  f i l t r a t e  was allow ed to  oool y ie ld in g  
w h ite  n eed les  whioh were r e o x y s ta l l is e d  from w ate r to  g ive  th e  pu re 
agapu rine (785  mg. |  TO)*). (Found 1 C, 3 6 .5 5  j H, 4 .3  j 5 , 42. 8 . 
r e q u ire s  C, 3 6 .7  } H, 4 . I  |  H, 42.855*).
A c tion o f  Bxoeas Raney H iokel on 8 -  Asa -  9 -  (2® -  hyd roxyetbyl) -  
guan ine .
8 -  Asa — 9 — ( 2 ® — hydroxyetbyl) -  guan ine (0 .6 9 g .)  was d isso lv e d  
in  9 5 -  ammonium hyd rox ide so lu t io n  (3OCO.) and Raney n ic k e l (7g«) was 
added . The m ix tu re  was re f lu x e d  f o r  9 h r . ,  th e  n ic k e l was removed by 
f i l t r a t i o n  and th e  f i l t r a t e  was t r e a te d  w ith  d ia c e ty l  (0 .5 c o .) .  The pH 
o f  th e  s o lu t io n  was a d ju s te d  to  4 by dropw ise a d d i t io n  o f  ^ a o i e d  a c e t io  
ao id  and a f t e r  2 h r .  h e a t in g  on th e  steam b a th  th e  so lu t io n  was 
r e f r ig e r a te d .  The brown s o l id  (360mg.) o b ta in ed  was shown to  be 
unchanged s t a r t in g  m a te r ia l  by comparison o f  Hf v a lu e s  (6 so lv en t 
system s) and u l t r a v i o l e t  sp e c tra .
A c tion o f  Bxoees Haney H iokel on 8 -  Asa -  9 -  D -  r ib i ty lg u a n in e .
8 — Aza -  9 D -  r ib i ty lg u a n in e  ( 0. 5g . )  was d isso lv e d  in  w ater 
(4O0C. ) w ith  th e  a id  o f  h e a t .  Haney n ic k e l ( 7g*) was added and th e  
m ix tu re  was re f lu x e d  f o r  8 h r .  F i l t r a t i o n  o f  th e  c a ta ly s t  was
132
fo llow ed  by th e  a d d i t io n  to  tho  f i l t r a t e  o f  a  s o lu t io n  o f  d ia o o ty l 
(0»3ooe) in  w ater (TOoo .). Dropwise a d d i tio n  o f  g la c i a l  a o o t ic  ao id  
reduced  th e  pH o f  th e  so lu t io n  to  4  and th e  so lu t io n  was hoated  on a  
steam b a th  f o r  2 h r .  The o r ig in a l  9 — s u b s t i tu te d  — 8 — osapu rino 
(O .32go) se p a ra te d  on r e f r ig e r a t io n .
6 -  Amino -  4  -  D  -  nannogylam ino -  2 -  ae thy lm ercap to  -  5 «=> n i t r o c o  -  
p y r im id in e .
A suspens ion o f  6 -  amino -  4  -  D -  mannosylam ino -  2 -  m ethyl -
meroaptopyrimi d i n e (4 * 5s* ) in  w ate r (25OC0. )  was t r e a te d  a t  0°  w ith  a
s o lu t io n  o f  sodium n i t r i t e  ( 3ff*) w ate r ( 9O00. )  and f a c i a l  a o e t io  
ao id  (9 o c .)  was added w ith  s t i r r i n g .  Tho so lu t io n  was kep t a t  0°  f o r  
1 h r .  and f o r  an a d d i t io n a l 1 h r .  a t  Toam teaq>eratu re . The b lue 
p r e o ip i t a to  was c o l le c te d ,  washed w ith  ic e -c o ld  w a te r  and r e o z y s ta l l is e d  
from w ate r ( oa . 2000o c .)  to  g ive  th e  n itro so p y r im id in e  a s  f in e  p u rp le  
n e e d le .  ( % . ) ,  m .p. 2)1 -  233® (d e c .)  230 _  231® ( d e c .) ] .
4 -  D -  Mannoearlamino -  2 -  ae thy lm ercap to  -> 6*7 d im e th y lp te r id in e .
A suspension o f  6 -  amino -  4 -  D -  mannoaylamino -  2 -  m ethyl -
m ercaptc -  5 -  n itro so p y r im id in e  (O. g g .)  in  w a te r (lOOoo.) was
hydrogenated  over p a lla d lse d -c h a ro o a l (lO ^ Pd*; 20Chngo). The c a ta ly s t  
was removed by f i l t r a t i o n  and th e  f i l t r a t e  was t r e a te d  w ith  d la c e ty l  
(O .30C .) . A f te r  h e a t in g  th e  w lu t io n  a t  80° f o r  20 m in . th e  volume wae 
reduced  in  vacuo to  oa . 20oc. and r e f r ig e r a te d .  Tho r e s u l t in g  c r y s ta ls  
were r e o z y s ta l l is e d  from w ater (oharooal) y ie ld in g  th e  p te r id in e  as 
o ff-w h ite "  n eed le s  ( O . l g . ) ,  m.po 25O -  252° ( d e c .) .  The p roduc t gave
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a  p o s i t iv e  Holioch®a t e a t  and th e  paper chroinatograia in d ic a te d  th e  
preoenoo o f  a  suga r by th e  techn ique o f  B addiley o t  Tho
u l t r a v i o l e t  speotrum  was s im ila r  to  th a t  o f  4  -  amino -  6 ,7  -  dim e thyl 
-  2 -  m e thy lm eroap top terid ino . In  a d d i t io n ,  on a  p ap er chromatogram 
i t  showed one b lu e  f lu o re s c e n t spo t under u l t r a v i o l e t  l i g ^ t .  (Founds 
C, 44*9 I H, 5 .5  I 5 , 17*6 . r e q u ir e s  C, 44*9 ? H, $ .4 ;
w, 17. 45# ) .
1*58AcetobromogluooBe#
A m ix tu re  o f  D -  g lucose monohydrate (99g* ) and a c e t io  anhydride
(42O0G. ) was t r e a te d  c a u tio u s ly  w ith  oonc. su lp h u r ic  ao id  (4  d ro p s) ,
c o o lin g  m om entarily in  co ld  w ater to  p rev en t th e  re a c t io n  becoming too
v ig o ro u s . W ith in about 10 m in. th e  glucose had alm ost com pletely
d is so lv e d  and th e  tem pera tu re  o f  th e  re a c t io n  m ix tu re  was approx im a tely
100°• The f la s k  was lo o se ly  stoppered  and h ea ted  on a steam b a th  f o r
2 h r .  D is t i l l a t i o n  under reduced p re ssu re  removed a m ix tu re o f  a c e t ic
ao id  and a c e t i c  anhydride ( oeu 3^0co. )•  A ce tio  anhydride (9 0 cc .)  was
added to  th e  r e s u l t in g  warm v isco u s  syrup, th e  m ix tu re  waxmed s l i g h t ly
on th e  steam b a th  u n t i l  th e  s o lu t io n  beosmo homogeneous and a  s o lu t io n
o f  hydrogen brom ide (45^ in  a c e t ic  ac id ; 54O0C.) was added* The f la s k
was th en  se a le d  w ith  a rubbe r s to p p e r and allow ed to  s tan d  a t  5° over -  
n ig h t .  The excess hydrogen brom ide, a o e t io  a c id  and a c e t io  anhydride
were removed by d i s t i l l a t i o n  a t  no t more than  60° under reduced p re s s u re .
A c r y s ta l l in e  s o l id  se p a ra te d , was t r e a te d  w ith  dry iso p ro p y l e th e r
( 4 9 )00. )  and d isso lv e d  by warming c a re fu l ly .  The s o lu t io n  was cooled
134Qr a p id ly  to  45 9 allow ed to  cool slow ly to  room tom poratu re and was 
f in a l l y  r e f r ig e r a te d  a t  5° f o r  2 h r .  The aootobrcm oglucose was 
c o l le c te d  and washed w ith  dry iso p ro p y l e th e r  ( 7) 00. )  g iv in g  w h ite 
c r y s ta l s  ( l8 0 g . ) ,  m.p. 87 -  88° ( i t t o , ^ ^  87 -  8 8 ° )« The produc t 
was s to re d  over sodium hydrox ide in  vacuo.
1*392, 3*4,6 -  T e tra  -  0 -  a c e ty lg lu c o a y laz id e . ^
F resh ly  p repared  acetobromogluoooo (34g*) was s t i r r e d  in  ace to  -  
n i t r i l e  (gOco.) w ith  f in e ly  powdered sodium a s id e  (lie») and hea ted  
under r e f lu x  on a steam b a th  fo r  4 h r . ,  m o istu re  b e in g  excluded. The 
sodium brom ide and excess sodium azido  were f i l t e r e d  from th e  ho t 
s o lu t io n .  The f i l t e r  cake was w ell washod w ith  chloroform  and th e  
combined f i l t r a t e  and washings were co n cen tra ted  under vacuum to  g ive 
a v isco u s  syrup whioh was d isso lv ed  in  a l i t t l e  o th e r .  The e th e re a l 
s o lu t io n  was kep t a t  -  10° fo r  3O m in. when th e  f in e  c r y s ta l l in e  
m a te r ia l  wae c o l le c te d .  R e o ry s ta ll is a t io n  from m ethanol (l^O cc .) 
a ffo rd e d  w h ite  c r y s ta le  ( l7 .1 g . |  55#)» m.p. 126 -  129° ( l i t . , ’ ^^ 129°).
1602 .  3 .4 .6  -  T a tra  -  0 -  aoe tv lf rlu co sy lamine. -
The above g lu co sy laz id e  t e t r a a c e ta te  (20g .) was hydrogenated in  
e th y l a c e ta te  ( 250o c .)  u s in g  p latinum  oxide ( ig .  ) as  c a ta ly s t ,  th e  
ap p a ra tu s  be ing fre q u e n tly  evacua ted  and f re sh  hydrogen in tro d u ced . (The 
com pletion o f  th e  re a c t io n  was in d ic a te d  by th e  d isappearance o f  th e  
az ido  peak in  th e  in f ra re d  spectrum ). The re a c t io n  m ix tu re was f i l t e r e d  
and th e  f i l t r a t e  was evaporated  to  dryness in  vacuo g iv in g  a w h ite  s o l id  
which was r e o z y s ta l l is e d  from e th an o l . The p roduc t ( l 6 g . ) ,  m.p. 126° 
( l i t . , 126°) was s to re d  over phosphorus pentox ido  in  vacuo.
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4 -  ( 2 \ -  Totgaaootylglucoegrlam ino) -  2 «= amino -  6 -
113hydroxy -  5 *= n itro p y r in d d in o .
2f 3f4 f 6 T o tra  « 0 «» a c e ty l g luco sy l amino (31fi*) d ieao lvod  in  a
m ix tu re  o f  dry d ioxan (80cc . ) and dry ethano l (55co . )•  2 •  Amino -  4 -  
ch lo ro  -  6 -  hydroxy « 5 -  n itro p y r im id in e  (8g . ) wao added p o rtio n w ise  
to  th e  glucoaylam ino so lu t io n  and th e  m ix tu re wao h ea ted  under r e f lu x  
w ith  s t i r r i n g  fo r  3 h r .  A f te r  co o lin g , tho m ix tu re  was f i l t e r e d  and th e  
f i l t r a t e  was poured in to  w ater (4OO0C#) .  E x trac t io n  w ith  chloroform  
( 8 X lOOcCp) co n ta in in g  55* v /v  H,H « dim ethyl formami do follow ed and tho 
combined e x t ra c ts  wore d r ie d  over anhydrous sodium su lp h a te . The sodium 
su lp h a te  was removed by f i l t r a t i o n  and th e  f i l t r a t e  was evaporated  to  
d ryness under vacuum to  g ive a p a le  yellow  gum. F ra c tio n a l c r y s ta l l i s a t i o n  
from methanol y ie ld e d  i n i t i a l l y  H, -  d i -  (D -  ^ u c o s y l)  « amine 
o o ta a c e ta te  ( l 2#5g . ) ,  m.p. 216 -  218° , [^^^«=-89°  (chloroform ) j^ l i t .  
m .p. 213 -  216° , ^ J ^ - 87°  (chloroform ]^ , follow ed by th e  se p a ra tio n  o f 
th e  d e s ire d  pyrim id ine g luooside . R e o ry s ta llio a ticm  o f  th e  g luooside 
from B,N -  dim ethyl formami de /w ater gave w hite n eed les  ( l l . 2g-; 53?*),
B .p . 296 -  300°  ( d e o . )  [ l i t . , ” )  295 -  300° ( d e o . ) J .
D eao ety la tio n  o f  4 -  (2 ® ,3 \4 \6 ®  -  T etraace ty lg lucoay lam ino) -  2 -  amino = 
6 -  hydroxy -  5 -  n itro p y r im id in e .
The g luoo s ide  t e t r a a c e ta te  ( l .g g .  ) was suspended in  warn ab so lu te  
e th an o l (75co«) and sodium o thox ido so lu t io n  ( 300. )  ( 5g. sodium in  lOOco. 
d ry  e th an o l) was added dropw ise over a p e r io d  o f  3O min. The m ix tu re was 
re f lu x o d  on a steam b a th  fo r  an a d d i t io n a l 1 h r . , w ith  s t i r r i n g ,  ca re
1 ) 6
b e in g  taken  to  have th e  so lu t io n  kept a lk a l in e  by a d d i tio n  o f  more 
othox ido when noceasazy . The m ix tu re waa cooled , f i l t e r e d  and th e  roo idue 
was washed q u ick ly  w ith  dry e thano l and acetone . R o c iy e ta l l is a t io n  from 
th e  minimum amount o f  aqueous e thano l gave th e  g luoo s ide  as a p a le  
yellow  e o l id  (0,98g.E 98?*), which was hygroooopio and decomposed w ithou t 
m a ltin g  a t  oa . 200 -  210°. (Founds C, 34-I f  H, 4.75 B, 1 9 .6 . 
r e q u ire s  C, 34*2; H, 4*8; 5 , 19*95^)*
2 — Amino — 8 — D — g luco sy l — 7*8 -  d i hydro — 4 = hydroxy -  6 — m ethyl -
1137 -  o x o p te r id in e .
(a ) 4 -  ( 2 ®,3®,4 ®,6 ® “  T e traa o a ty l^ u co sy lam in o ) -  2 -  amino «
6 •= hydroxy -  5 -  n itro p y r im id in e  (4g .)  wao suaponded in  methanol (70cc . ) 
and hydrogenated over Raney n ic k e l .  E thyl pyruva te  ( 4c c .)  was added to  
th e  hydrogenation m ix tu re  which was than  re flu x o d  fo r  2 h r .  under n itro g en . 
The m ix tu re  wae f i l t e r e d  ho t and th e  red  f i l t r a t e  wae evaporated  c a re fu lly  
to  drynees in  vacuo. The syrupy re s id u e  wao re p e a te d ly  d isso lv ed  in  
chloroform  ( 25cc . ) and th e  so lv en t was removed each tim e undor vacuum. 
A f te r  a d d i tio n  o f  anhydrous e th e r  a yellow  s o l id  ( 3. 5g*) formed. T h is 
s o l id  was r e c i y s t a l l i s e d  from e th an o l to  g ive yellow  n eed le s  whioh were 
d isso lv ed  in  warm e thano l (BOoc.) and a conca so lu t io n  o f sodium o thox ido 
was added dropw ise u n t i l  a dense p r e c ip i ta t e  appeared . H ea ting on th e  
steam b a th  fo r  3O m in ., keeping th e  so lu t io n  a lk a l in e ,  y ie ld e d  a yellow  
p r e c i p i t a t e  ( 2 . 2g. ) which was r e c r y s ta l l is e d  se v e ra l tim es from w a te r /  
ace tone  (c h a rc o a l) . D ecom p.^ 250°.
(b) 2 — Amino — 4 D — glucosylam ino — 6 hydroxy « 5 “  n i t r o  — 
pyrim id ine  (SOOmg.) was d isso lv ed  in  w ater (20cc. ) and reduced w ith
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sodium d ith io n i te o  E thyl pyruva te  (O .500*) vas added and hea ted  on 
a steam b a th  fo r  2 hr# Oi co o lin g , yellow  o ry a ta lo  (60mg# ) sep a ra ted  
which were id e n t ic a l  w ith  those  o b ta in ed  in  ( a ) .
2 Amino -  8 — D = glucoayl «° 7»8 = dihyd ro  = 4 -  hydroxy « 7 -  ozo — 
p te r id in e .
4 "= (2% 3S4% 6®  -  T etraace ty lg luco sy lam ino) « 2 -  amino -  6 -  
hydroxy « 5 -  n itro p y r im id in e  ( l . l g . )  was reduced in  methanol ( 25coo ) 
as  in  th e  above procedu re and th e  m ix tu re  was f i l t e r e d  in to  a so lu t io n  
o f  e th y l g ly o x y la te  hem iace ta l ( ic c # )  in  methanol ( 500. ) .  A f te r  
r e f lu x in g  under n itro g e n  fo r  $0 m in ., th e  so lu t io n  was co n cen tra ted  
o a re fu lly  under vacuum to  oa. lOcc# Water (20ccq) was added g iv in g  
yellow  c i y s ta l s  o f  th e  Sch iff® s base ( 288, 356 myuat pH I 3) .
These o r y s ta ls  were d isso lv ed  in  methanol ( 3O0G#) and d i lu t e  sodium 
m ethoxide so lu t io n  was added dropw ise to  g ive pM ? -  8# The so lu t io n  
was re f lu x e d  fo r  3 h r ,  and allow ed to  cool whereupon a yellow  s o l id  
(0#9g*) d ep o s ited . The 7 = o x o p te rid in o  was d r ie d  ove r phosphorus 
pen tox ide  in  vacuo.
R eac tion o f  4 -  (2 * ,3 ° ,4 * ,6 * =- T etraacety lg lucoqy lam ino) -  2 -  amino 
6 hydroxy -  5 n itro p y r im id in e  w ith  1 ,2  -  D icarbonyl Compounds.
(a) The pyrim id ine g luco s ide  t e t r a a c e ta te  ( l . ÿ g . ) was suspended in  
m ethanol (250c#) and hydrogenated over Raney n ic k e l .  The c a ta ly s t  was 
removed by f i l t r a t i o n  and th e  f i l t r a t e  was c o l le c te d  in to  a so lu t io n  o f  
d ia c e ty l  (0«6oc#) in  methanol (lO oc#). T h is s o lu t io n  was im m ediately 
re f lu x e d  under n i tro g e n  fo r  10 h r .  The yellow  s o l id  was f i l t e r e d .  I t s  
u l t r a v i o l e t  ab so rp tio n  spectrum and i t s  appearance on paper chromatography
1 } 8
suggested  th a t  i t  was th e  in te rm ed ia te  S o h iff^ s  base whioh had no t 
o y c lieo d  to  th e  expected  8 «= g lu c o sy lp te r id in e .  The Sch iff'^e base 
could  no t be induced to  form th e  p to r id in e  by h e a t in g  under v a r io u s  
c o n d itio n s  o f pH and tem perature*
(b) The above re a c t io n  was rep ea ted  under anhydrous co n d i tio n s  in  
p resence  o f  d eh y d ra tin g  ag en ts , e*g* zino c h lo r id e  in  dry methanol o r  
phosphorus pen tox ide  in  dry benzene , bu t c y c l is a t io n  to  th e  8 -  gluooeyl = 
p te r id in e  was not e f fe c te d .
(o) R eac tion (a) was rep ea ted  w ith  g lyoxal in  p la ce  o f  d ia c e ty l  bu t 
ag a in  th e  re a c t io n  stopped a t  th e  S c h i f f ‘’a base s ta g e .
(d) The pyrim id ine ^ u c o s id e  te t r a a c e ta te  ( ig .  ) was suspended in  
e th y l A oetato (4O0C0) and t r i  e th y l amine (2oo*) was added . The m ix tu re 
was hydrogenated over p re -reduced  p la tinum  oxide (lOOmg.) and f i l t e r e d .
The f i l t r a t e  was o o lle ^ te d  in to  a so lu t io n  o f  a llo x an  ( 0 . 35g .)  and b o r ic  
a c id  (O.ifg. ) in  a c e t i c  a c id  ( 5O0C. )« The so lu t io n  was hea ted  a t  37^ under 
anhydrous co n d itio n s  fo r  16 h r .  The r e s u l t in g  brown c r y s ta ls .  (250mg. ) were 
r e o r y s ta l l io e d  from w ate r to  g ive yellow  c r y s ta ls  (200rog.) o f  th e  S c h if f° s  
baea , m.p. 5»® . (Found: C, 42 .15; H, 4 . 8 ; H, I 6 .O5 . 0 . l̂ B̂ O
re q u ir e s  C, 42*4; H, 4*5; N, I 5. 8# ) .
(e) The te tra a o e ty lg lu c o s id o  was d o ace ty la ted  as  d escr ib ed  p rev io u s ly  
and re a c t io n s  (a) and (o) were c a r r ie d  ou t w ith  th e  f r e e  g luco s ide  in  
aqueous medium. In  each case , th e  re a c t io n s  d id  no t proceed beyond th e  
fo rm ation  o f  th e  S c h i f f 's  base , id e n t i f i e d  by u l t r a v i o l e t  spectroscopy
and comparison w ith  th e  d o ac e ty la ted  p roduc ts  o f  r e a c t io n s  (a) and (o ) .
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(-Î') c a t io a , (o) « n o u tra l  m ole, ( -  ) » onion 
6 aho iildor.
R e a b o i 8 Riboaido
X CM0J Y » NSg) R •  H I
X * Cl; Y -  NHgi R -  H
Brown, "The iV r im id in ea" , 1962, p.47)p In te rcc io n co . 
5 H itropy rim id lnooe
X
X -  ï  -  OHj H -  Cl
pXtt AmaxJ®/*) • ̂  voluae
<- ) 5o33® 264(19, 000) pH 1
0 )10 .70 266(15 , 900) pH Kolfr
«. ) 261( 10, 680) pH 13
* ) 2 .96 + 0 .07 267( 20, 850) pH 1
o ) 10.29 ♦ 0.1 268(16 , 200) pH 7 .4
265(15, 900) pH 13
+ ) 4.71 <• 0.05 266( 16, 150) pH i
o ) 10.73 ~  0.1 276(14, 600) PH l.k
268( 11, 850) PH 13
+ ) 5 .25  ±  0.04 276(13, 350) pH 1
o ) — 266( 10, 900) pH 7 .4
+ ) 5.21 + 0.06 277(14, 550) pH 1
o ) 267(11 , 680) pH fo4
300( 9 ,000) pH 1
284( 7, 000) pH 13
m&%. (m/i)« 6  vo luee in  p aro n th eo ia .
280( 8 , 200) , 31o " ( 7 , 800) pH 1
TABLE I  (C ontd .)
X " Y " OHi B “ NHMa
^>naLX. ( iB|U).6  v a lu e s  in  p a ren th ea la
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a  -  NHCHgCHgOH 
H -  NHC^(CHOH),CH^OH3”  2
X .  05; Y -  WH t H -  Cl
H -  BH
R .  NRMe
a  -  HHCBgCH-OH
H " NB»>-^uco8yl
224(18, 750) , 321( 11 ,200) 
218(15,200), 334(13,900)













B -  H »-T otraaoo ty l- 238(12,100) , 335(11, 000) 
D - g lu o o a y l .  233( 8,420),344(12,350)



















5 -  N itroBopyrlm ldlneB .
271( 10, 200) , 314( 5, 000) 







B -  CH CHgOH
X -  OCHgCgB ; H -  H





Ahiax,(i^) v a lu es  
In  p a re a th a o te .
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D — g^uconyl; B" -  -  BssrCHCHO 
B " D — gluooeyl) B '-  — HsrC(He)COBSe 
B » T e tra a c e ty l -  g lu co ay l; B' -  -Nsc(Uo)COHe 
a  » T e tra a c e ty l -  g luccqy l) B’-  “ H—CHCOOEt 
H -  CHgCH OHj B* -  -N=CHCOQBt.
0  o
























TABLE I I  
P to r id in e .
ULTRAVIOLET ABSORPTION SPECTRA OP PTEBIDINES.
X » OHt Y « R « H
H » He
X *• OCHgC^Hji Y " N B g ) R •  H 
X "* N B -D = m a n n o q y  1  ;  Y «  S H e $ R ^ e
X « NH^l Y « SHe| R « Me
P te r id in e .





X -  Y -  Ot H -  CHgCH-OHjH'
X>nax.(ta )« 6  v a lu e , in  p a re n th a a ta .
312( 6 ,980) pH 1
2 5 0 (1 9 ,8 0 0 ),358( 7,500) pH I 3
254( 4 ,7 0 0 ),3 2 4 ( 7,100 
254( 19, 510) , 359( 7,700
214( 23, 100) ,  333(10,000  
231( 20, 350) , 260“ (8 , 920) , 360( 7,500
238(15, 650) , 267( 17, 000) , 294( 10,700 
346(16 , 900) , 357(15,500
249( 16, 650) , 269( 20, 850) , 355( 10,950
233(16, 100) , 265( 18 , 800) , 292(9,400 
340(14, 650) , 354(13,500 pH 1








R " D « r i b i t y l |R '  
X « 0 | Y « NH| R " Me; R®
. H 259(19, 000) , 276®(11 , 000) , 407(10, 300) pH 1 
231 (23, TOO),282 ( 15, 200) , 31l (  9 , 820) pH 13
■ Me 256( 14, 500) , 276®( 9 , 900) ,4 0 6 (1 1 ,150) pH 1
231(18, 500),283  ( 10, 900) , 316( 8 , 150) pH 13
■ Me 255( 12,8 0 0 ) ,276*( 8 , 750) , 405( 10, 000) pH 1
229(13, TOO),280 (11 , 000) , 314( 7,900) pH I 3
H 262(13, 500) , 280®( 9 ,710) , 388( 10,210) pH 1 
238(18, 050),282  ( 7 , 620) , 316( 8 ,100) pH I 3
Nn&ttaijU) « t> valuem In  p a ren taea lo
TABLE I I  (C onta .)
m m a m m e m a m o M maZA wst^ imn tn  trjiia r r—j t r
% .  0; Y .  HH; H -  CH^CH.OH}H'»H 263( 13, 900 ),279°(10 ,800 ),395 ( 9 ,900) pH 1
242(17 , 950),284  (6 , 900) ,  316( 7,600) pH 1
255(12 , 300),285  ( 13, 500) , 396(13, 600) PS 1R « R® «Mo
230( 22, 900) ,  303° ( 17 , 3 )0 ) ,  307( 17, 500^
---------3V( 8 : W  pa 13
a  -  CHgCHgOHjB'-Mo 256(15,000),28? ( l3 ,6 0 0 ) ,400(13,600) pH 1
230( 22, 300) , 286®( 9 , 750) , 310(13, 750)1 -  „
372( 3 , 500) jP a  13
P te r id in e ,
I
k  ° "
Y « 0 | H « D -  r l b l t y l







P te r id in e *
I I
X .  Y -  OH,a .  CHgCBgOH;a'. Ue 2 8 l( lO ,$00),326(10,800) pH 1
222(12 , 200) , 258( 7 , 300),290  ( 6 , 000)1
350(11, 200)? pa 13
a  -  D -  r lb lty l ;a " -M e  2 8 0 ( l l ,9 0 0 ) ,326(11,500) pH 1
222( 13, 000) , 290(11, 000 ) , 348(12 , 800) pH 8






X » Ï  » OHjE^CHpCHgOHj H"* S t pH 1
7 , 333) î 292( 0, 400)1
354(12 ,60 0 )j P3 13
X = OH; T e -  Mo;R'« H 2Ê4C 9 ,0 M ) ,294(11,200),345(13,800') pH 1
265(15 ,950),2aî® (5 ,900),360(16,100) pH I 3
S-CHgCHgOHgE" -H 262( 9,'iOO), 2 9 2 (1 1 ,7 0 0 ),3 ,6 (1 4 ,W )p H  1
262(16,200), 286( 6 ,4 0 0 ) ,362(l9,6CO)pH I 3
H -D -  ^ U 0O8yl}E«"H 261(5 ,100), 2 9 2 (9 ,5 0 0 ),349(12,000) pH 1
262(10 ,150) , 280® (3,900),366(l2,600)pH  I 5
H-CHgCHgOHjRO-Mo 296(10, 350) , 34J}(l2,400)pH 1
2 6 0 (13 ,000 ),2% ( 4 ,8 0 0 ) ,357(l4,4CO)pH I 3
B*.D»gluo08yl|H«-Me 2 9 5 (U ,1 0 0 ),3 4 2 ( 9 ,9 5 0 )pH 1
259( 9 ,1 0 9 ) ,279“( 4 ,300) , 360( 10, 8 lo)pH 15




R « R® » H
B CHgCHgOHj K* Ma
228(11, 200) , 267(15, 400) , 350( 4 , 500) 
226( 23, 000) , 276(13, 000) , 318( 6,
239(13, 300),272(20,000),346( 5s 





TABLE I I I 14Ô
ULTRAVIOLET ABSOHPTIOH SPECTRA OP ISOALLOXAZINE DERIVATIVES.
Compound.
1 Me. ( i d m ) °  6  v a d u a a  i n  p a r e n t h a o l c .
X « Y « 0: R « CHgCH OH 268(28, 300)
272(33,600)
E -  D -  r i b i t y l  268( 35, 440) ,
,800),
,% )0), 443(11,100) pH 1
, 000) , 450(12 , 300) pH 13
10, 810) , 445(11,600) pH 1
10, 650) , 447( 10, 600) pH 13
X -  0} Y -  NH» R -  CHgCHgOH 267( 24, 050) , 385( 11,2 0 0 ) ,442(14, 000) pH 1









R "  CHgCHgOH
H " D ”  r i b i t y l


















X » OR; I  = ra_{ H 
Bsmbold"b R iboeide
H
S olvan t Systama.
(A) (B) (c ) ( d) (s ) (?)
0.21 0 .32 0 .37 0.29 TT 0 .28
0.09 0.57 0 .16 0 ,54  »= 0,12
Compound.
■ Y « OH; B°» HO ; E « TSMa 0 .26 0.60
E-HHCHgCH OH 0.25 O.65  




X « OH;Y -  M U ;E '.  H0„; H = RE_ = - — 0.18 0.24
R « NHMo 0.32 0.49 0 .36 0 ,45  =" 0.55
B-HHCHgCHgOH 0,24 0.53 0.32 0.50  — 0.50
0.05 0.70 0.18 0.66  =" 0,24
R»HB-T©traacGtyl-^10.70 0.42 0.68 0 .38 0.87
B-gluoogyi J
H»H(Ho)CH2CH(0St)2 0.70 0,79 0,66 0.78
X « OCH«G|^H_;Y -  NH..!H-HE,;H»»RO 0,73 0.24 0.84 0,21 **® 0,75
H»-2% 0,60 0.32 0 .73 0,28  -= 0.65
X s  HH_; Y « ^o;B«KH ~D=mannoeylî\ 0.25 0,47 0.52 0.44 0,56
H'
TABLE VI. Rf VALUES OP PTERI DIKES. 148
Compound.
X » OHt Y " KH t̂ B ■ H
R » Ma
X » OCHgCgH I Y » HHgi H » H 
X « HH=D»mannoayl; Y •> SMe;R-M@
Compound.
X
A n  A n -
fe
Solvent gyatomo#
(B) (C) (D) (e) (P)
0 .31  0.48  0,30  0.44  -=  0,39
0 ,43  —  0 ,34  — 0.51  0,44
0 ,83  0.38  0.70  0.35  -=  0.89
0.50  0.65  0.70  0.62  — 0,78
X e T « 0 | R • CĤ CHgOHi R*. H OolO 0.76 0,36 0 ,73  = 0.32
R * CHgCHgOH; R«- Me 0.18 0.71 0.72 0.65  — «=
R « D “  r i b i t y l ;  R“« Me O.IO 0.74 0 . 31 0.71  0.27 0 .34
X •  Oî T » NHs R w Me; R® -  H 0,78 0.75 0.34
R -  CHgCHgOH; R“ « H ™ 0,78 0.35 0» 74 0,38
R s  H® w Mo 0,75 0.72  — 0.43






0 ,18  0,65  0 .14  0.62
TABLE VI. (Contd.) 149
Compound
Solvent Systemg«





H -  CHgCHgOH; E" « Me
(A) (B) (c) ( b ) (E) (F )
0 .17 0 .60 0 ,44 0.56 .rr-r- Go 51
R « CH-CH-OH; H‘' -  Et 0.26 0 ,67 0,53 0.63 O065
H -  D -ribityliR» » Me 0.05 0,65 0.30 0.61 0.26 0.50
JH  t R -  Met H* -  H 0.24 0.49 0.36 0.45 «=- 0.37
H -  CH CHgOH; H« » H 0.24 0.58 0,39 0.54 0.48
R " I>=^uooByl|R“» H 0.04 0.74 0 .23 0.72 0.20
R » R“ •  He — 0 .43 = - 0,41 — —
H -  CHgCH-OH; R» -  Me 0.25 0.59 — 0.55 — 0.50
E -  D=gluooeyl; R" -Me 0.76 — 0.72
Rf VALUES OF ISOALLOXAZINE d e r iv a t iv e s .
Solvent STBtema.
Y -  Ot H -  CH-CH OH
H “ D — r ib i ty l  
H -  CHgCHO
Y -  NHtH » CH CH_OH 
  2 2
R “ D — r ib i ty l  
R -  CHgCHO
(A) ( b) (c ) ( d) (b) (?)
0.40 0.32 0.45 0,28 0,52
0.22 0.37 0.55 0.39 0.39 0.34
— 0.45 — 0.43 —
0.22 0.21 0.40 0.22 — 0.45
0.15 0.42 0.28 0.40 0,28
— 0.40 — 0.38
TABLE V III . Rf VALUES OP AZAHJHINES. IJÛ
Compound.
O
jsi S olvent Systems*k
R (a) (b) (c) (D) (b) (p )
R -  H O038 0 .40  0.27  0.37  0o27
R -  CHgCHgOH 0,26 0 ,63  0 ,37 0.60 —  O.5I
R = D -  r i b i t y l  0 .06 0.70 O.2 3  0 .68 —  O.34
S olvent Sjy sterne.
(a )  n -  B u tan o l/3	 -  a o e tio  a c id  (aqueoue) ( 7&3) .
(b ) yft Aqueous ammonium ch lo ride*
( c )  n -  Propanol/ ammonium hydroxide (S.Q. 0o880)/w ater (4 0 tlt2 0 )
( b) Aqueous ammonium fonaate*
( b) n -  B u ta n o l /o th a n o l/ra te r  (50*15*35)*
(p) n -  B u tanol/bensone/w ater/m ethanol ( i t l t l t P ) .
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